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NOTICE  OP  GENEF^AL  MEETING 

^Thm  Fonitli  Ordinary  General  Meeting  of  the  Fifty -Eighth  Session  of  the 
Institotion  of  Mining  and  Metallurgy  will  be  held,  by  kind  pormission,  in 
tlks  ^Mrtments  of  the  Geological  Society,  Burlington  House,  Piccculilly, 
London,  W.  1,  on  Thursday,  20th  January,  1949,  at  5  p.m. 

^Th»  pmper  entitled  Mining  and  milling  antimony  ore  at  Consoli- 
dmiimd  Mnrchison  Goldfields,  Transvaal,  by  Mr.  Ralph  Symons, 
MenUmTp  ndiioh  is  published  in  this  issue  of  the  Bulletin,  will  be  submitted 
for  riisniMsinn,  and  will  be  introduced  by  Mr.  J.  B.  Dennison,  Member. 

Idght  refreshments  will  be  provided  at  4.30  p.m.   for  members  and 
isitoiB  attending  the  Meeting. 


The  Oooncal  invite  written  contributions  to  the  discussion  of  papers 
msmbecs  who  msj  be  unable  to  be  present  at  tKe  Meetings  of  the 
InatituUuu.     The  Conneil  reserve  the  right  to  edit  and  condense  such 
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Adoption  of  the  new  By-Laws 

A  Special  G^eneral  Meeting  of 
Members  and  Associates  of  the 
Institution,  held  at  Burlington 
House  on  16th  December,  1948, 
unanimously  resolved  that  the  By- 
Laws  of  the  Institution  as  revised 
and  submitted  at  the  Meeting  be 
approved  and  presented  to  His 
Majesty's  Privy  Council  for  con- 
firmation and  in  substitution  of  the 
existing  By-Laws  of  the  Institution. 
The  new  By-Laws  have  since  been 
submitted  to  the  Privy  Council. 

Capper  Pass  Awards 

In  1947,  the  Directors  of  Messrs. 
Capper  Pass  and  Son,  Ltd.,  Bristol, 
sharing  the  regret  which  had  been 
expressed  in  many  queurters  at  the 
dearth  of  papers  on  processes  and 
plant  used  in  extraction  metallurgy 
in  the  Transactions  of  the  Institution 
of  Mining  and  Metallurgy,  cuid  of 
papers  on  processes  and  plcuit  used 
in  the  fabrication  of  non-ferrous 
metals  in  the  Journal  of  the  Institute 
of  Tdetals,  offered  to  these  Institu- 
tions the  sum  of  £200  per  annum  for 
a  period  of  seven  years  to  be  applied 
as  follows  : 

(a)  £100  per  annum  to  be  available 
for  one  or  more  Awards  to  the 
authors    of   papers    on    some 
aspect  of  non-ferrous  extrac- 
tion metallurgy ; 
(6)  £100  per  annum  to  be  available 
for  one  or  more  Awards  to  the 
authors  of  papers  relating  to 
some  process  or  pleoit  used  in 
the  extraction  or  fabrication  of 
non-ferrous  metals, 
contributed  by  persons  engaged  full 
time  in  industry  or  practice. 

The  Councils  of  the  Institution  of 
Mining  and  Metallurgy  and  of 
the  Institute  of  Metals  ^gratefully 
accepted  this  offer,  and  appointed  a 
joint  Adjudicating  Committee.  This 
Committee  has  power  to  make  the 
awards  on  behalf  of  the  two  societies 
and  may,  at  its  discretion,  make  no 
award  or  awards  of  less  than  the 
money  available  if,  in  its  opinion, 
the  quality  of  ]>apers  submitted  in 
any  year  fails  t^  reach  a  suitable 
standard.  Any  sums  not  awarded 
will  be  cfuried  forward  to  future 
yee««. 


The  two  Councils  hope  that  the 
generous  offer  made  by  Messrs. 
Capper  Pass  and  Son,  Ltd.,  will 
stimulate  the  writing  of  many  papers 
of  the  types  for  which  the  Awards 
cure  to  be  made.  Papers  on  extraction 
metfiJlurgy  should  preferably  be 
submitted  to  the  Institution  of 
Mining  and  Metallurgy,  while  those 
on  processes  and  plcuit  used  in  the 
fabrication  of  non-ferrous  metals 
should  preferably  be  offered  to  the 
Institute  of  Metals.  Both  societies 
are  prepared  to  accept  pMkpers  of 
suitable  quality  from  non-members. 

Authors  should  note  that  appli- 
cations should  not  be  addressed  to 
the  Adjudicating  Committee  request- 
ing that  their  papers  should  be 
considered  for  an  Award.  All 
papers  published  by  both  societies 
will  be  examined  by  the  Committee 
annually,  and  notices  of  the  Awards 
will  be  published  in  the  journals  of 
the  two  societies  and  in  the  Press. 
The  Conunittee  will  shortly  consider 
all  papers  published  by  the  two 
societies  during  1948. 

Joint  Conunittee  on  Metal- 
lurgical Education :  Summary 
of  Progress  Report  for  1946 

The  following  sununary  of  the 
Rep)ort  on  Progress  on  the  work  of 
the  Joint  Committee  for  the  period 
1st  January,  1947,  to  30th  Jime, 
1948,  is  published  for  the  informa- 
tion of  members. 

At  30th  June,  1948,  there  were 
21  members  of  the  Conunittee, 
representing  the  Industry,  The  Iron 
and  Steel  Institute,  The  Institution 
of  Mining  and  Metallurgy,  The 
Institute  of  British  Foundry  men. 
The  Institute  of  Metals,  The  Institu- 
tion of  Metallurgists,  the  Uni- 
versities, The  City  and  Guilds  of 
London  Institute,  The  Association 
of  Technical  Institutes,  and  The 
Association  of  Principals  of  Technical 
Institutes.  Professor  Leslie  Aitchison 
was  appointed  Chairman  of  the 
Conunittee  in  June,  1947,  on  the 
resignation  from  the  Chair  of 
Dr.  C.  H.  Desch. 

Nine  meetings  of  the  Committee 
were  held  during  the  period,  includ- 
ing a  special  meeting  at  which 
members  met  cuid  exchanged  views 
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with  Dr.  Robert  F.  Mehl  of  the 
Ctenegie  Institute  of  Technology, 
Pittsburgh,  Chairman  of  the 
Advisory  C<»nmittee  on  Metal- 
lufgioal  Education  of  the  American 
Society  for  Metals. 

The  Committee  has  given  in- 
fcmuiftioin  to  parents  and  students 
aikdt  has  made  arrsagements  for  the 
loao  of  metallurgical  films.  A  second 
revised  edition  of  *  Metallurgy — ^A 
Scientific  Career  in  Industry  *  was 
published  in  May,  1948,  and  over 
0,000  copies  have  been  circulated. 

The  work  of  the  Committeo 
includes : 

1.  Consideration  of  the  general 
requirements  for  providing  educa- 
tiofi  for  metallurgists  of  cdl  grades. 

2.  Assisting  in  every  way  possible 
in  the  provision  of  the  means  by 
wfaksh  Uiese  requirements  can  be 
secured  at  the  different  levels. 

3.  Making  known  throughout  the 
Secondary  and  Public  Schools  the 
opportunity  offered  by  metallurgy 
as  a  career. 

4.  Providing  peurents.  guardians, 
careers  masters  and  others  with  fiill 
details  of  the  educational  facilities 
available  to  fit  boys  for  various 
careers  in  metallurgy. 

a.  Keeping  continuous  touch  with 
industry  in  order  to  ascertain  in 
what  respects  the  young  metallurgist 
is  considered  to  fall  short  of  the 
appropriate  standard  when  he  enters 
the  metallurgical  industry — 

(a)  with  a  University  Degree, 

(6)  with  a  National  Certificate  in 
Metallurgy  or  qualification  of 
a  similar  standard, 

(e)  with  other  qualifications  from 
a  Technical  School  or  College. 

Ascertaining  how  far  his  falling 
short  of  the  highest  standard  ccm  be 
laid  at  the  door  of  metallurgical 
education  and  taking  such  remedial 
steps  SB  may  be  possible. 

6.  Taking  appropriate  steps  for 
carrying  its  policy  into  effect,  includ- 
ing s       , 

(a)  Discussions  and  meetings  with 

the  interested  people  in  industry. 
Schools,  Technical  Colleges,  Uni- 
vefsities  and  Government  Depart- 
ments, in  order  that  views  may  be 
exchanged. 


(b)  The  preparation  of  memoranda 
addressed  to  the  varioiis  bodies 
which  may  be  concerned  and  the 
publication  of  the  Committee*s  views 
and  suggestions. 

7.  The  consideration  of  special 
matters  of  an  important  nature, 
such  as  entrance  qualifications  to 
University  Schools  of  Metallurgy. 
A  pamphlet  giving  the  Committee's 
*  Recommendations  on  Quedifications 
for  Ehitrance  to  University  Schools 
of  Metallur^ '  was  published  in 
April,  1948,  and  widely  circulated 
to  the  various  interested  bodies  and 
the  recommendatiozis  have  been 
published  in  the  Press  and  in  the 
journals  of  the  participating 
Institutes  [see  Bull,  500,  July, 
1948]. 

Natioiial  Certificates  In  Metal- 
lurgy 

The  following  is  reproduced  for 
the  information  of  members  : — 
Report  by  the  Joint  CommiUee  on  ihs 
Progress  of  the  Scheme  for  the  Award 
of  National  Certificates  in  MetaXlurgif 
for  the  year  1947-48 

1.  During  the  year  under  review  The 
Institution  of  Metallurgists  has 
joined  The  Iron  and  Steel  Institute, 
The  Institution  of  Mining  and 
Metallurgy  and  The  Institute  of 
Metals  in  co-operating  with  the 
Ministry  of  Education  in  operating 
the  scheme  for  Nationed  Certificates 
in  Metallurgy  in  England  and  Wales. 

2.  Schemes  have  been  approved  by 
the  Joint  Conunittee  and  have  been 
in  operation  during  1947-48  at  the 
following  Technical  Colloges  : 

ta)  Senior  Courses  leading  to  an 
Ordinary  National  Certificate  in 
Metallurgy — 

Battersea  Polytechnic,  London ; 
Birmingham  Central  Technioal 
College ;  Chesterfield  Technioal 
College ;  Coventry  Technical 
College ;  Cumberland  Technical 
College,  Workington ;  Derby 
Technicckl  CoUcge ;  Dudley  ft 
Staffordshire  Technical  College 
(Scheme  is  supplementary  to 
that  of  County  Technical  Col- 
lege, Wednesbury) ;  Enfield 
Techniced  College ;  Ilkeston 
Technicckl  Evening  Institute ; 
Merchant  Venturers*  Technioal 
College,  Bristol ;  Newport  Tech- 
nical      College ;        Rotherham 
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College  of  Technology;  Scun- 
thorpe Technical  College ; 
Smeihwick,  The  Chance  Tech- 
nical College ;  Swansea  Techni- 
cal College ;  Wednesbury, 
County  Technical  College ; 
Wolverhampton  and  Stafford- 
shire Technical  College. 

(6)  Advanced  Courses  leading  to  a 
Hi^er  National  Certificate  in  Metal- 
hugy : 

Battersea   Polytechnic,    London ; 
Birmingham  Central  Technical 
College ;   Chesterfield  Technical 
CoUege ;     Middlesbrough,   Con- 
stantino     Technical      College ; 
Rugby  College  of  Technology ; 
Ru&ierford  College  of  Techno- 
logy ;        Wednesbury,    County 
Technical     CoUege ;       Wolver- 
hampton     and      Staffordshire 
Technical  College. 
8.  Final    examinations    have    been 
held    in     1948    at    the    following 
technical  colleges  for  students  who 
satisfied  the  conditions  laid  down 
in  Biinistry  of  Education  Rules  111 
under  which  the  Scheme  is  operated  : 
Ordinary  GertiflccUe :  Battersea  Poly- 
technic,   Ix>ndon ;      Birminghaim 
Central  Technical  College;  Chester- 
field Technical  College ;   Coventry 
Technical    College ;     Cumberlcuid 
Technical    College,    Working^n ; 
Derby  Technical  College  ;   Enfield 
Technical  College  ;  Ilkeeton  Tech- 
nical Evening  Lnatitute ;  Newport 
Technical    College ;      Rotherham 
College    of    Technology ;      Scun- 
thorpe Technical  College ;  Smeth- 
wick,      The      Chance      Technical 
College  ;    Swansea  Technical  Col- 
lege ;  Wednesbury,       County 
Technical        College ;         Wolver- 
hampton and  Staffordshire  Techni- 
cal C  jllege. 
Higher  Certificate :    Battersea  Poly- 
technic,    London ;      Birmingham 
Central         Technical         College ; 
Chesterfield     Technical     College ; 
Middlesbrough,  Conatantine  Tech- 
nical College  ;    Rugby  College  of 
Technology ;    Rutherford  College 
of     Technology ;       Wednesbury, 
County         Technical         College ; 
Wolverhampton  and  Staffordshire 
Technical  College. 
4.  (a)   123  candidates  entered  and 
74  have  qualified  for  the  award  of  an 
Ordinary     Nationed     Certificate     in 
Metallurgy  ;    38  candidates  entered 


and  22  have  qualified  for  the  award 
of  a  Higher  National  Certificate  in 
Metallurgy. 

(6)  The  Committee  is  pleased  to 
report  that  Distinctions  have  been 
awarded  to  13  candidates  who  have 
shown  an  exceptional  grasp  of  their 
subjects,  indicating  a  high  degree 
of  training  and  knowledge  in  the 
particular  subject  in  which  the 
Distinction  has  been  gained. 

6.  The  Joint  Committee  takes  this 
opportunity  of  thanking  the  Asses- 
sors for  their  valuable  assistance  in 
operating  the  Scheme. 

6.  (a)  Prizes,  taken  in  books  and 
distributed  by  the  Technical  Colleges 
concerned,  were  awarded  to  19 
successful  candidates  in  the  final 
examinations  in  1947,  from  the 
Prize  Fund  established  by  The  Iron 
and  Steel  Institute,  The  Institution 
of  Mining  and  Metallurgy  and  The 
Institute  of  Metals  for  this  purpose. 

(6)  Prizes  will  similarly  be  awarded 
to  17  successful  candidates  who  have 
shown  particular  merit  in  the  final 
examinations  held  in  1948. 

7.  The  Joint  Committee  is  pleased 
to  note  the  increcise  in  the  number  of 
candidates  who  entered  for  the  final 
examinations  for  the  Ordinary  and 
Higher  National  Certificate  in  Metal- 
lurgy this  year,  and  that  there  is  a 
still  greater  increase  in  the  number 
of  students  entering  the  first  and 
second  years  of  the  courses. 

Signed  on  behalf  of  the  Joint 
Conmiittee  for  National  Certi- 
ficates in  Metallurgy. 

H.   S.   TASKER, 
Chairman, 

December  General  Meeting 

The  Third  Ordinary  Greneral  Meet- 
ing of  the  Session  was  held  on 
Thursday,  16th  December,  1948,  at 
the  Geological  Socioty  of  London, 
and  was  attended  by  about  85 
members  and  visitors.  Mr.  E.  O. 
Lawford  introduced  the  paper  en- 
titled *  Notes  on  the  treatment  of 
pyrites  cinders  at  the  plant  of  the 
Pyrites  Co.,  Inc.,  Wilmington, 
Delaware  *  on  beheJf  of  his  co- 
authors, Messrs.  R.  C.  Trumbull  cmd 
W.  Hardiek.  A  full  discussion  of 
the  paper  followed,  and  a  report  of 
the  Meeting  will  be  published  in  the 
February  issue  of  the  Bulletin, 
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Tbe  p«per  by  Dr.  O.  A.  SefaiieU- 
maim  entitled  *'  A  note  on  **  steel  '* 
nlfloa*  was  not  discussed  at  the 
mting  owing  to  lack  of  time,  and 
written  oomments  are  invited  for 
poblioation. 

mty-El^tli    S«8aloii,    1948-49: 
Dates  of  Subsequent  Meetings 

The  following  are  the  dates  fixed 
for  Qen«al  Meetings  of  the  Institu- 
tion daring  the  remainder  of  the 
Bemon  1948-49 : 

i7th  February,  1949. 
17th  March,  1949. 
2l8t  April,  1949. 
19th  May,  1949. 

(These  dates  are  the  third  Thurs- 
<iBy  of  the  month.) 

Members  from  Abroad 

The  Council  are  always  anxious 
to  meet  members  who  come  to 
Endand  after  a  long  absence  abroad, 
•od  ask  such  members  to  make 
themaelves  known  to  the  Secretary 
when  attending  General  Meetings 
of  the  Institution  at  Burlington 
House. 

Institution  Awards 

*The  Consolidated  Gold  Fields  of 
South  Africa,  Limited  *,  Gold  Medal 
sod  Premium  of  Forty  Guineas  are 
swarded  jointly  or  separately  by  the 
Council  of  the  Institution  for  the 
paper  or  papers  of  highest  merit 
eontributed  to  the  Tranaactuma 
during  each  Session,  or  for  researches 
on  the  occurrence,  mining,  or  treat- 
moit  of  minerals.  The  Council  shall 
be  satisfied  that  the  papers  or 
researches  are  of  sufficient  merit  to 
justify  the  award. 

Two  prizes  of  Ten  Guineas  each 
are  offered  annually  for  papers  con- 
tributed to  the  Transactions  by 
Students  of  the  Institution,  provided 
that  the  papers  are,  in  the  opinion  of 
the  Council,  of  sufficient  merit  to 
justify  an  awcutl. 

Papers  for  the  consideration  of 
^  Publications  Committee  should 
be  sent  to  the  Secretary,  if  possible 
in  duplicate,  and  should  be  prefaced 
by  a  summary  of  contents.  It  is 
^loderstood  that  cdl  papers  submitted 
sre  original  conununications  unless 
distinctly  stated  to  be  otherwise,  in 
which  event  excuit  reference  should 


be  made  to  any  previous  pfabUoation. 
Figures  illustrating  papers  should 
be  drawn  in  ink,  suitable  for  direct 
reproduction  in  a  reduced  size,  and 
lettering  on  drawings  should  be  in 
ordinary  pencil.  If  there  are  photo- 
g^phio  illustrations,  prints  on  glosi^ 
paper  should  be  sent;  it  is  nc^ 
necessary  to  send  negatives. 

Transfers  and  Elections 

The  following  were  transferred 
(subject  to  confirmation  in  accor- 
dance with  the  conditions  of  the 
By-Laws)  on  9th  Deoember,  1948  : 

To  Mbmbebshtp — 

Trevor  Mort  {Roodepoort,  Transvaal). 
Cyril    Brock    Pengilly   {Penhalonffa, 

Southern  R?u>desia). 
Gordon  Murray  Stockley  {Dodama, 

Tanganyika), 
Henry      James      Reginald      Way 

(3f  6a6ane,  Stoazikma). 

To   ASSOOZATBSHIP — 

Thomas  Francis  Victor  Cooper 
{BukurUt  Northern  Nigeria), 

Valentine  William  Alan  Duke 
{Springs,  TransvatU), 

Gordon  Leslie  Hatherly  ( Venterspoat, 
Transvcud), 

Hugh  Hilton  McGregor  {Rustenbtirg, 
Transvaal), 

Gordon  Finimore  Sherman  {Kaka- 
mega,  Kenya). 

Christopher  Percy  Tremlett  {New- 
quay, Cornwall), 

The  following  were  elected  (subject 
to  confirmation  in  accordance  with 
the  conditions  of  the  By-Lawa)  on 
9th  December,  1948  : 

To  Mbmbebshif — 

Spencer  Richard  Fleischer  {Johannes- 
burg, Transvaal). 

To  Associates  HIP — 
Pauli    Kristen   Aamo    {Vest   Agder, 

Norway). 
Robert  Bowie  {Marikuppam,  India), 
Francis  Eugene  Fitzgibbon   {Kaka- 

mega,  Kenya). 
Harvey     Thomas     Ford     {Bindura, 

Southern  Rhodesia). 
William  Thomas  Hocking  {Oorgaum, 

Mysore  State,  India). 
Bernard  Samuels  {Oatooma,  Southern 

Rhodesia). 
Alan     Guy    Valentine    {Kakamega, 

Kenya). 
Arnold  Percival  Warwick  {Hexham, 

Northumberland), 
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To  Studkntsmif — 

Douglas  Fairbom  Ainge  (Dtmadm, 

New  Zealand), 
Allan  Ffanois  Charles  Barnes  (8%aum, 

Surrey). 
Roger  Ernest  Barnes  {London), 
Alan  Sydney  Bragg  (Lomkm), 
Guy  Bridgstock  {London), 
Vivian   Trevor   Brokenshire   {Gam- 

borne,  Cornwall), 
John    Ashley    Catterall    {Romford, 

Essex). 
Albert      John      Michael      Clesham 

{Camborne,  Comwaliy, 
Alexander  Barrett  Cowie  {Dunedin, 

New  Zealand), 
Qeorge  Martin  Du  Boulay  {London), 
Alan  Dunning  {London), 
•John     Vivian     Eplett     {Camborne, 

Cornwall). 
Lewis    Trevor     Evans     {Camborne, 

Cornwall), 
Ralph    Patrick    Grosscurth    {Gam- 

borne,  ComwcUl), 
Vernon  Walter  Hall  {Redruih,  Com- 

waU), 
Reginald    John    Harbord    {Kenley, 

Surrey), 
lioger  GeofiErey  Rainbird  Harrisson 

{Colchester,  Essex), 
Laurence  Alexander  Hill  {London), 
John  Kelson  Holgate  {London). 
George  Scott  Inns  {Ruislip,  Middle- 
sex). 
Sydney    William    Jarvis    {Dunedin, 

New  Zealand). 
Richard  George  iJbe  {London). 

John  Louis  Leroy  {London). 

Paul  Bryan  Locke  {Harrow,  Middle- 
sex). 

James  Noil  Luscombe-Monro 
{lUogan,  Cornwall). 

Derek  Maishman  {Chesterfield,  Derby- 
shire). 

Arthur  Yelland  Moon  {Par,  Com- 
waU). 

Howard  Alan  Ck>llins  Moon  {Barakin 
Ladi,  Northern  Nigeria). 

Derek  George  Warner  Norris 
{London). 

Anthony  Giles  Gale  Oliver  {London). 

Henry  Desmond  Osborne  {RednUh, 

Cornwall), 
Peter  Gerard  Parker  {London). 

Robin  Charles  Penfold  {London). 

Nicholas  Robb  {Axminster,  Devon). 

Alan  Jeffery  Robinson  {Bembridge, 

Isle  of  Wight). 
James  Fordham  Sadler  ( Woldingham, 

Surrey). 


John  Henry  Saunders  {WaUingford, 

Berks.). 
Terence  John  Skelton  {St.  Ausl^U^^ 

Cornwall), 
Roy  Slater  {London), 
David  Valentine  Storrs  {RiciemmM- 

worth,  Hertfordshire). 
Norman  Hubert  Townend  {London). 
Leonard  Eric  Webb  {London). 
Richcuti  Alan  Christopher  WilliamK 

{Redruth,  Comtvall). 
Brian    Richard    Woolfe    {Camborne,  ■ 

ComuxM). 

Candidates  for  Admission 

The  Council  wdoome  eommumeaiiom  to  (unH 
them  in  deciding  whether  the  qualifleatiom  of 
eandidcUet  for  admittion  into  the  InttiUdion  fid/U 
the  requirements  of  the  By-Lawi.  The  (Appli- 
cation forms  of  candidate*  for  Memherok^  jor 
Astodiateship  will  be  open  for  inspection  aM  the 
ofjiee  of  the  InatUtiiion  for  a  period  of  at  least  hPt> 
months  from  the  date  of  the  Bulletin  in  which  their 
appliecdions  are  aimowiord. 

The    following   have    applied   for 
transfer  since  9th  December,  1948  : 

To  Membbbship — 
Herbert    Cecil    Herbert    {Mosaboni, 

India). 
Robert  Pitman  Hooper  {Broken  Hill, 

N.S.W.,  Australia). 
Gerald  Augustine  Patrick  Moorhead 

{Oeorgetowti,  British  Ouiana). 
Frederick        Charles        Willoughby 

(Filabusi,  Southern  Rhodesia). 

To   ASSOCIATESHIP — 

Wilfrid  Henry  John  Luck  {Que  Que, 

Southern  Rhodesia). 
Arthur      Theodore      Max      Mehliss 

{Bulawayo,  Southern  Rhodesia). 
William  John  Palk  (Hangha,  Sierra 

Leone). 
Dennis   Frederick   Reeves   {Bukuru, 

Northern  Nigeria). 

The   following   have    applied    for 
election  since  9th  December,  1948  : 

To    ASSOCIATESHIP 

Walter    Charles    Hellyer    {Harrow^ 
Middlesex). 

Joseph  Pinder  {Oeita,  Tanganyika). 

Francis  Stark  {Oorgaum,  S.  Itidia). 
To  Studentship — 

Jeffrey  Kenyon  {London). 

James    Harold    Newman    {Birming- 
ham, Warwickshire). 

Vincent       Hugh       Robert       Oliver 
{MufiUira,  Northern  Rhodesia). 

Stanley  James   Rcunage   {Vvbridge, 
Middlesex). 

Everard  James  Ross  {Birminghom^ 
Warwickshire). 

Dimbeswar    Sarma    {Leeds,     York- 
shire). 
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News  of  Members 

AuociaUi  aitd  Shidadt  art  imsiUd 
ikf  Surtktrw  with  peramal  mim  f» 
tier  Mm  keadima, 

Mr.  A.  T.  Ahuton,  Member,  has 
returned  to  Sierra  Leope. 

Mr.  W.  R.  Basnxs,  Associate,  has 
jotoed  the  mill  reaearoh  stafif  of  the 
Zine  CorpOTation,  Ltd.,  and  is  now 
at  Broken  HiU»  N.S.W. 

Mr.  J.  6.  Berry,  Associate,  is 
returning  to  England  on  leave  from 
India. 

Mr.  W.  T.  M.  Browne,  AssociaU, 
has  returned  to  England  from 
Tanganyika. 

Mr.  A.  Carstairs,  Associate,  has 
returned  to  England  from  Brazil. 

Mr.  K.  E.  Danox,  Student,  expects 
Ut  leave  Burma  for  England  in 
F'ebruary. 

Mr.  E.  F.  Elkan,  Member,  has  left 
Malaya  for  furlough  in  France  and 
Hn^and. 

Mr.  H.  G.  End,  Associate,  has 
returned  to  Switzerland  on  leave 
from  Malaya. 

Mr.  D.  F.  Foster,  Associate,  now 
h<ild8  a  position  with  Messrs.  Mac- 
donald  Adams  &  Co.,  Johannesburg. 

Mr.  S.  F.  Gandar,  Student,  is 
r*' turning  to  England  from  Burma. 

Mr.  F.  R.  H.  Green,  Associate, 
^lrts  rctume<i  to  Sierra  Leone. 

Mr.  G.  Harvey,  Associate,  is 
rvtuming  to  England  on  leave  from 
Saudi  Arabia. 

Mr.  S.  R.  R.  Hood,  Student,  has 
joined  the  staff  of  the  Cerro  de  Pasco 
Copper  Corporation,  Peru. 

Mr,  R.  C.  A.  Hooper,  StuderU,  has 
arrived  in  England  from  the  Gold 
Coast. 

Mr.  H.  D.  M.  Jager,  Associate,  is 
returning  to  England  from  India. 

Mr.  A.  Leaver,  Associate,  has  left 
England  on  his  return  to  Curasao, 
Netherlands  W<wt  Indies. 

Mr.  E.  Lee,  Associate,  lias  taken 
up  an  appointment  in  Egypt. 

Mr.  J.  K.  Macdonald,  Associaie, 
has  joined  the  staff  of  the  Cam  and 
Motor  Mine,  Eiffel  Flats,  instead  of 
the  Shabanie  mine.  Southern 
Rhodesia. 

Mr.  C.  B.  Pbnouxy,  Associate,  ha« 
been  tjransferred  from  the  Rezende 


mine  to  the  Tebekwe  mine,  Southern 
Rhodesia, 

Mr.  J.  H.  Poi«OLABE,  AsaodaJte, 
was  on  1st  April,  1048,  appointed 
assistant  general  manager  of  the 
Sungei  Besi  Mines,  Ltd.,  Selangor, 
Malaya,  and  has  since  held  the 
position  of  acting  general  manager. 

Mr.  R.  P.  Sheppabd,  Student,  has 
returned  to  England  on  leave  from 
India. 

Mr.  DiGOORY  Stanton,  Meimher, 
has  returned  *to  England  from 
Sierra  Leone. 

Mr.  W.  L.  Stewart,  Member,  is 
now  at  Seron,  Almeria,  Spain,  having 
been  appointed  General  Manager  of 
Sociedad  Minora  Cabarga  San  Miguel 
and  the  Bacares  Iron  Ore  M&es, 
Ltd. 

Mr.  K.  J.  St.  George,  Student, 
has  returned  to  England  from 
British  Guiana,  on  leave. 

Mr.  Arnold  Taylor,  Student,  is 
now  at  Brakpan  in  the  employment 
of  South  Africa  Land  &  Exploration, 
Ltd. 

Mr.  A.  H.  E.  Taylor,  Associate, 
has  left  England  on  a  six  months' 
visit  to  Hyderabad  and  the  Kolar 
Gold  Field. 

Mr.  K.  L.  G.  Terrell,  Associate, 
has  returned  t^)  England  from 
Colombia. 

Mr.  Ralph  M.  Thomas,  Associate, 
has  joined  the  staff  of  the  Rio  Tin  to 
Co.,  Ltd.,  Huelva,  Spain. 

Mr.  L.  O.  Tonkin,  Associate,  has 
left  Tanganyika  and  has  joined  the 
staff  of  FeJcon  mines,  Southern 
Rhodesia.  % 

Mr.  R.  G.  WooDiNO,  Associate,  is 
now  chief  of  the  efficiency  study 
department.  Crown  Minos,  Ltd. 

Mr.  F.  O.  Wright,  Associate,  haa 
returned  from  Turkey  and  has  joined 
the  staff  of  the  Direct-orate  of  Open- 
cast Coal  Production  in  Yorkshire. 

Mr.  L.  Zutshi,  Associate,  has 
arrived  in  England  from  India. 

Addresses  Wanted 

G.  P.  Anderson.    E.  Dickson. 

A.  Armstrong.       L.E.Djingheuzian. 

D.  S.  Broadhurst.  A.  I.  Scott. 

J.  B.  Cocking.       A.  Sloss. 

L.  Davies.  W.  E.  Storey. 
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Tnn^steti:  its  history,  geology, 
ore-dressing,  metallurgy, 
chemistry,  analjrsis,  applica- 
tions, and  economics.  2iid  ed. 
By  K.  C.  Li  and  Chuno  Yu 
Wang.  New  York :  Reinhold 
Publishing  Corporation,  1947. 
430  p.,  illuB.,  du^P^*     $8*50. 

This  volume  represents  a  vast 
amount  of  bibliographical  research 
and  should  provide  a  useful  com- 
pendium of  original  •reference  data 
on  tungsten.  It  is  therefore  regret- 
table that  certain  printer's  errors 
have  escaped  detection ;  bcure 
numerals,  for  instance,  frequently 
occur  in  the  text  and  one  is  left  to 
assume  that  these  refer  to  tempera- 
tures in  **C.  These  errata  will  be 
easily  recognized  by  most.  Some 
sections,  however,  contain  unsound 
technicid  matter  which  casts  a  very 
definite  shadow  on  the  book's  com- 
plete reliability.  These  unfortunate 
circumstances  would  have  been 
avoided  had  the  proofs  been  com- 
petently read. 

It  is  clear  that  the  authors' 
knowledge  of  the  manufacture  and 
fabrication  of  tungsten  is  shaky  and 
that  it  has,  in  the  main,  been  derived 
secondhand.  This  applies  more 
particulcurly  to  the  chapter  on  the 
metallurgy  of  tungsten  which  con- 
tains much  of  historical  interest, 
details  of  patents  (many  of  doubtful 
value)  and  illustrations  of  rather 
obsolescent  reduction  appeu*atus. 
The  slavish  collecting  of  theories  on 
kindred  subjects,  derived  from 
every  possible  source,  frequently 
results  in  bewildering  ambiguities 
such  as  is  found  on  page  210.  Here 
it  is  stated  that  *  offsetting  *  is 
caused  by  the  growth  of  large 
grains  in  the  glowing  filament 
during  use,  resulting  in  the  develop- 
ment of  *  grain  boundaries  extending 
across  the  full  diameter,  in  a  plane 
at  right  angles  to  the  long  axis  of 
the  wire'.  This  perfect  20-word 
example  of  tautology  could  have 
been  equally  well  expressed  by 
three  words — development  of  *  trans- 
verse grain  boiuidaries.'  This,  it  is 
emphcuBized,  is  a  bad  condition,  and 
measures  for  inhibiting  large  grain 
growth  are  described.  In  the 
following  paragraph,   however,   the 


authors  point  out  the  desirability 
of  preventing  the  sagging  of  coiled 
filaments ;  the  remedy  in  this  oaae 
is  to  provide  wire  which  possesses  a 
structure  built  up  of  extremely 
large  and  long  grains.'  Clearly, 
these  two  statements  are  in  conflict 
and  the  student  would  quite  justifi* 
ably  assume  that  if  saggi^ig  were  to 
be  avoided  then  ofiEiaetting  would  be 
the  inevitable  consequence  —  an 
assmnption  which  is  happily  quite 
untrue. 

On  page  207  it  is  stated  that 
swaging  operations  are  begun  at 
1500-1600''  and  that,  as  tungsten 
oxidizes  readily  at  these  tempera* 
tures,  it  is  generally  protected  by  a 
coating  of  graphite  which  is  applied 
in  the  early  stages,  presumably  at 
1600-1600°C.  This     is     frankly 

absurd  since  the  danger  of  carbide 
formation  at  these  temperatures 
would  be  very  re€d.  The  presence 
of  traces  of  carbide  would  render 
the  metal  unworkable. 

The  formation  of  oxide  on  the 
other  hand  would  be  quite  harmless 
and,  in  point  of  fact,  some  manu- 
facturers of  the  highest  repute 
actually  take  elaborate  measures  to 
promote  oxidation  during  swaging — 
this  is  accomplished  by  passing  the 
incandescent  rod  through  tubes 
filled  with  oxygon — as  a  means  of 
removing  or  minimizing  the  over- 
stressed  outer  layers  of  the  rod; 

It  is  customary  to  coat  swaged  rod 
with  graphite  duruig  its  passage 
through  the  last  two  or  three  swaging 
hammers,  immediately  prior  to  the 
first  drawing  operation,  the  latter 
being  thus  greatly  facilitated.  This, 
however,  takes  place  at  relatively 
low  temperatures  and  results  in  the 
formation  of  a  graphoid  layer,  im- 
attended  by  any  danger  of  chemical 
combination  between  the  tungsten 
and  the  carbon. 

On  the  same  page  (207)  silica  is 
clc»sed  with  alumina  and  thoria  as 
a  non-volatile  eklditive  substance. 
It  should  be  reedized  that,  much 
below  the  sintering  temperature  of 
tungsten,  silica  is  almost  com- 
pletely eliminated  by  volatilization* 
whilst  alumina  and  thoria  will 
remain  behind  as  a  non-metaUic 
matrix  existing  in  the  intergranular 
spaces. 
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TIm  first  two  sentenoes  of  the 
■eoopd  pctfagraph  on  page  203  are 
matually  contradictory.  In  the 
fint^  it  is  stated  that  tungsten  rod 
has  never  been  satisfactonly  made 
from  carbon -reduced  metal ;  in 
the  seoond,  we  loam  that  the  con- 
sumption of  this  grade  of  metal  for 
hard-faced  metals,  welding  rod,  eto.» 
amounts  to  several  hundred  tons 
annually. 

The  authors,  having  stated  that 
additions  are  frequently  made  to 
tungsten,  say  on  the  same  page 
(203)  that  *  any  impurities  which 
once  g^t  into  the  oxide  will  eventual- 
ly contaminate  the  resulting  powder. 
Henoe,  only  the  purest  kind  of 
tungsten  ore  is  used  for  the  manu- 
facture of  tungsten  rods  and  wire.* 
Neither  of  these  statements  is 
wholly  true.  Regarding  the  first,  it 
may  be  said  that  the  normal  addi- 
tions to  the  silicatcd  t3rpe  of  metal 
usually  amount  to  approximately 
1*25  per  cent ;  these  consist  mainly 
of  silica  and  alkali  halides.  The 
resulting  metal  in  the  form  of  rod 
or  wire  will,  if  properly  prepared, 
analyse  99*97  por  cent  pure  timgston. 
The  remaining  -03  per  cent  will 
consist  of  traces  of  alumina  and 
idlica.  Clearly,  since  the  sintering 
temperature  is  considerably  over 
3000*^C,  then^  are  few  impurities, 
intctntional  or  otherwise,  which  can 
remain  behind. 

Regarding  the  exclusive  ime  of  the 
purest  ores  for  making  tiing8t<.in 
wires,  this,  as  is  well  known  by  all 
who  were  engaged  in  the  lor^e-^Hcale 
manufacture  of  tungsten  dtunng  the 
last  war,  was  a  complot<?ly  imattain- 
able  ideal.  Whilst  this  was  the 
tftate  of  affairs  in  the  allie<l  countries, 
conditions  for  the  Germans  were 
very  much  worse  ;  nevertheless,  all 
managed  to  make  tungsten  of  the 
highest  quality,  and  in  all  forms. 
The  main  reasons  for  preferring  a 
hi^-grade  ore  art*  economic,  not 
techi^cal. 

On  page  348  we  read  that,  during 
welding,  tnngHti>n  contacts  art? 
coated  with  oil  t^)  prr^vent  oxidation. 
It  would  be  interesting  to  know 
what  oil  remains  unvolatilize<l  at  the 
welding  temperature  (approx. 
1100**C).  In  (ho  writer's  experience, 
oxidation  is  obviated  by  performing 
the  wriding  operation  in  an  atmos- 


phere of  hydrogen.  Incidentally, 
on  this  same  page  we  encounter 
one  of  the  more  colotirful  printer's 
errors  :  in  referring  to  the  use  of 
tungsten  contacts  they  are  said  to 
be  employed  in  '  violet-rat  ma(;hines.* 
In  this  section,  which  deals  with 
tungsten  contacts,  no  mention  is 
made  of  the  forms  of  ultra-fine 
grain  tungsten  (30,000-50,000  gr./sq. 
mm.)  which  give  such  remarkable 
performances  when  used  as  ignition 
contacts  in  aero  engines  operating  in 
the  presence  of  hydrocarbon  vapours 
and  at  very  great  altitudes. 

The  chapter  un  analysis  consists 
of  a  comprehensive  write-up  of 
some  of  the  better-known  schemes 
of  anal3rsi8.  The  Cinchonine  method 
is  introduced  as  follows :  *  .  .  . 
requires  3  8-hour  days.  It  is  shorter 
and  less  accurate  than  most  standard 
procedures.  .  .  .*  Wliy,  then,  give 
it  priority  of  place  ? 

In  the  caso  of  the  ordinary  Brief 
method,  it  is  state<l  tliat  low  results 
an>  to  be  expiH;ted  from  a  solution 
containing  alkaline  salts.  The  writer 
suggests  that  the  fusion  be  elimin- 
ated ;  the  ore  being  decoinposod 
with  hydrocJiloric  and  nitric  acids, 
followed  by  evaporation ;  the 
impure  tnngstit;  licid  filt4»red  off  and 
dis8oIve<l  iji  ammonia,  iiltered,  the 
clear  solution  evaporated  ui  dryness, 
the  ammonium  tuni^Htate  ignited  to 
oxide.  This  is  ciuicker  and  just  as 
accurate  lis  the  so-called  Brif»f 
method. 

Th(»  volumetric'  method,  using 
Jones's  reductor,  is  of  no  use  if, 
as  is  oftfMi  the  erase,  inolvbdenum  is 
present. 

On  pagi>«  291  ari«]  292  the  old 
fallacy  about  thorium  dioxide  re- 
maining behind  alter  volatilization 
in  hydrochloric  acid,  is  further 
perpetuated. 

When  the  chlorofonn  method  is 
used  the  volatilization  of  the  thorium 
is  complete.  This  method  is  also 
quit-e  useltiHS  for  the  t^timatiou  of 
alkali  chlorides  which  be^in  to  distil 
off  at  tempt^raturtw  as  low  as  i'SoO^^C. 
In  most  cases  the  anioiiiit  of  arsenic 
present  is  too  small  for  the  method 
described  to  bo  of  any  use.  The 
familiar  <*olorimetric  inctliod  of 
(hitzeit  is  not  even  mentioned. 

In  the  cose  of  tin,  very  inacciirate 
results    would    he    obtained     if    thi> 
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method  given  were  adhered  to 
rigidly.  For  accurate  results  a 
current  of  carbon  dioxide  should  be 
passed  through  the  solution,  not 
only  during  the  reduction,  but  also 
during  cooling. 

The  writer  does  nOt  consider  the 
method  given  for  copper  determina- 
tions to  be  a  gopd  one,  whether 
the  copper  is  present  in  quantity  or 
as  a  mere  trace,  and  prefer  the 
technique  which  employs  sodium 
diethyldithio  carbamate. 

On  page  347  a  list  of  trade  names 
of  some  of  the  tungsten  carbide 
manufacturers  in  the  U.S.A.  is 
given.  These  include  some  which  the 
reviewer  thinks  should  not  appear. 
One,  most  definitely,  should  not, 
since  it  is  the  trade  name  of  a 
product  being  manufactured  not 
many  yards  from  where  the  writer 
site.  On  this  same  page  appears 
one  of  those  stupid  errors  which 
seem  to  have  escaped  the  authors, 
the  proof  readers,  etc.  :  mention  is 
made  of  *  the  76  min.  high  velocity 
rifle*.  If  this  is  intended  to  read 
76  nmi.,  then  the  question  arises,  at 
what  calibre  does  a  rifle  become  a 
gun? 

In  the  second  paragraph  of  page 
402  there  is  a  colourful  but  historic- 
ally incomplete  description  of  the 
use  of  tho  tungsten  carbide  core 
high-velocity  armour-piercing  pro- 
jectile, in  which  it  is  said  that  the 
famous  British  tanks  virtually 
'  m^ted  '  when  hit  by  these  missiles. 
The  text  goes  on  to  say  that  '  Two 
years  later  the  U.S.  Army  perfected 
similar  anti-tank  projectiles  which 
were  used  to  stop  Von  Rundstedt*s 
Belgian  Bulge*.  This  is  probably 
true,  but  it  may  be  of  more  them 
passing  interest  that  the  British  had 
accumulated  vast  numbers  of  these 
projectiles  for  use  on  D-Day  and 
subeequently. 

This  book  contains  much  that  is 
good,  but  too  much  that  is  poor. 
It  is  hop>ed  that  when  it  reaches  it-s 
next  edition  it  will  be  all  good. 

T.  F.  Smeaton. 

Prevention  of  iron  and  steel 
corrosion  :  processes  and  pub- 
lished specifications.  By  C. 
DiNSDAi^E.  r^ondon  :  Tho  Louis 
Gassier  Co.,  Ltd.,  1948.  67  p. 
5s. 


There  are  many  processes  and 
published  specifications  relating  to 
the  prevention  of  the  corrosion  of 
iron  and  steel.  This  book  is  an 
attempt  to  compile  a  complete  index 
of  such  methods  and  the  standard 
specifications  connected  with  them. 

The  matter  is  divided  into  three 
parts  dealing  respectively  with 
methods  of  preventing  corrosion 
(broken  down  into  eleven  groups), 
cleaning  metal  parts,  and  codes  of 
practice.  The  two  appendixes  deal 
with  authorities  issuing  specifica- 
tions and  with  paint  and  paint 
component  specifications. 

Gold  mining  in  South  Africa. 
By  C.  W.  BiocARD  Jhpps. 
London  :  Todd  Publishing  Group 
Ltd.,  1948.     160  p.     7s.  6d. 

This  book  can  be  recommended 
as  an  introduction  to  the  study  of 
the  Witwatersrand  gold  deposits, 
dealing  as  it  does  with  the  historical, 
statistical,  technical,  economic  cmd 
future  aspects  of  the  industry.  It* 
is  a  marvel  of  compression  and  in 
the  minimum  number  of  words 
forms  a  very  complete  factual 
record  of  South  African  gold  mining, 
all  controv^ersial  matters  being 
avoided  or  both  sides  simply  stated 
in  the  first  three-quarters  of  the 
book.  Professor  Jepf>e  makes  the 
statement  on  page  122  that  "  the 
mining  operations  on  the  Witwaters- 
rand are  fairly  simple.'  This  is 
true  on  the  basis  that  it  is  simple  to 
do  anything  when  one  Yibb  a 
thorough  knowledge  of  how  to  do 
it  but,  in  the  opinion  of  the  reviewer, 
is  not  so  on  any  other  basis. 

The  last  chapter  of  tho  book, 
dealing  with  the  future  of  mining  in 
South  Africa,  is  naturally  more  an 
expression  of  opinion,  but  the 
author's  beliefs  regarding  the 
position  of  gold  in  world  economy 
in  the  near  future  and  his  remarks 
in  connection  with  base  metals  in 
the  Union  are  sound.  His  estimate 
that  a  mine  laid  out  to  mill  o^eer 
2,000,000  tons  per  year  and  mining 
at  vertical  depths  of  from  8,600  to 
13,000  ft.  would  necessitate  a  capital 
cost  of  the  order  of  £6,000,000 
seems,  however,^  to  be  optimistic. 
It  may  be  found  possible  to  mine  to 
only  11,000  ft.  depth  and  a  capital 
expenditure  more  nearly  twice  that 
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cslimated     would     appear     to     be 


F.  E.  Keep. 

Electric  winders.      2nd     ed.     A 
toBaxml  on  the  design,  conBlruc- 
don,  application  and  operation  of 
wmdmg  engines  and  mine  hoiste. 
Bj  H.  H.  Brouohtok.    London  : 
fi.    &    F.    N.    Spon,    Ltd.,    1948. 
XX  -h  451  p.,  illuB.     638. 
"nie  first  edition  of  this  book  was 
published  in   1927  (not  in   1928  as 
stated  on  the  flyleaf)  by  Ernest  Bonn, 
Ltd.,  and  it  is  significant  that  during 
the    intervening    twenty    years    no 
other  comprehensive  work  on  this 
subject  has  appeared  in  the  English 
language.     Indeed,  another  treatise 
on  electric  winders  would  be  super- 
fluous   since    Mr.     Broughton    has 
oovared    the    design,    construction, 
application  and  operation  of  electric 
winding    machinery    in    a    manner 
whieh  can  only  be  described  as  a 
notable  achievement  in  the  field  of 
tedluK^ogic^  writing. 

Necirly  the  whole  of  the  text  haa 
been  revise<l  and  seven  new  chapters 
have  been  a<lded  to  cover  develop- 
ments which  have  taken  place  since 
the  appearemce  of  the  first  edition. 
The  most  imp>ortant  additions  deal 
with    recent    advances    in    Koope- 
pulley    winders,     skip    winding    of 
ooal,  intensive  hoisting  from  shallow 
depths,  winding  from  great  depths, 
emergency    braking   and   protective 
gear.   A  new  chapter  is  also  dev^oted 
to  a  discussion    of  the   trend   and 
practii-c  of  winding  in  Great  Britain, 
%Mith     Africa,     the     U.S.A.,     and 


Germcmy,  with  special  reference  to 
the  Reid  and  other  reports  which 
have  been  issued  since  the  war. 

The  author  has  adhered  closely  to 
fundamental  principles  and  there 
is  little  in  the  book  that  is  empirical 
or  h3rpothetical.  The  excunples 
chosen  to  illustrate  these  principles 
are  taken  from  actual  winding 
installations  and  no  fewer  than 
2,000  winders  have  been  analysed 
for  this  purpose.  A  judicious  balance 
is  maintained  between  the  electrioal 
and  mechaniced  sections  and,  al- 
though the  book  contains  a  very 
Icuge  number  of  equations,  the 
text  and  the  diagrams  can  be  studied 
with  advantage  by  the  non-mathe- 
matical reader.  A  vast  amount  of 
information  is  provided  for  the 
specialist  in  the  form  of  tables  and 
graphs,  and  senior  mining  students 
at  universities  will  find  the  book  a 
useful  guide  in  the  drawing  office 
as  well  as  in  the  classroom. 

The  illustrations  are  in  the  form 
of  diagrams  8i>ecially  prepared  for 
the  book  and  not  reproductions  of 
drawings  reduced  in  scale  to  the 
point  of  illegibility,  which  mar  so 
many  treatises  of  this  kind.  A 
bibliography  of  international  scope 
is  appended  to  all  but  five  of  the  30 
chapterH  and  the  index  occupies 
12  pages.  Only  a  few  pages  are 
devoted  to  automatic  winding  in 
the  presient  volume,  and  it  is  to  be» 
hoped  that  in  future  editions  a 
whole  chapter  will  be  given  to  this 
subject,  which  is  already  claiming 
nuioh  attention. 

W.   Daviks. 
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Guy  Garleton  Jones  died  in  South  Africa  on  3rd  December,  1948,  at 
the  age  of  60.  He  was  bom  iii  Halifax,  Nova  »Scotin,  and  was  educated  at 
King's  Collegiate  School  and,  from  1907,  at  the  Department  of  Mining 
Eof^neering,  McGill  University,  Montreal,  where*  ho  graduated  in  1912 
with  honours  in  science.  In  November,  1912,  he  was  aj>pointed  draughts- 
man and  surveyor  to  Mc^ssrs.  J.  S.  Metcalf  &  Co..  Construction  Engineers, 
Montreal,  and  in  March,  1914,  took  up  an  appointment  as  assistant  assayer 
*nd  general  learner  at  the  laboratories  of  the  Consolidated  Gold  Fields  of 
SouUi  Africa,  Ltd.,  at  Germiston,  Transvaal,  transferring  after  a  month  to 
Knights  Deep  mine,  Witwatersrand,  whore  he  became  assistant  surveyor 
«  year  later.  He  wiw  on  active  military  service  in  German  East  Africa 
frmn  1916  to  1917,  and  then  returned  to  Knights  Deep  mine  as  shift  boss, 
joining  the  staff  of  Sub  Nigel,  Ltd.,  in  April,  1918,  and  becoming  manager 
in  1922. 

In  1925  Mr.  Carleton  Jones  joine<l  the  enKi"«*t^*i'ii»g  stafl"  of  Now  Con- 
w>5dated  Goldfields,  Ltd.,  in  .TnhanncsburK.  and  uftcr  acting  successively 
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as  assistant  consulting  engineer  and  consulting  engineer  was,  in  1034, 
appointed  a  joint  manager  of  the  company  in  South  Africa.  Nine  years 
later  he  joined  the  board  of  the  compcmy,  and  served  as  resident  dirootor 
in  South  Africa  until  his  resignation  in  1947  owing  to  ill  health.  He  retained 
his  seat  on  the  board,  however,  and  was  also  a  director  of  many  other  mining 
companies. 

Mr.  Carleton  Jones  was  elected  to  Membership  of  the  Institution  in  1036 
€md  was  awarded  the  Gold  Medal  of  the  Institution  for  1947  in  recognition 
of  his  distinguished  services  to  the  gold  mining  industry  of  South  Africa 
and  in  particular  to  the  development  of  the  West  Rand. 

Reginald  Conduit  Riley  died  on  16th  August,  1948,  at  Lowestoft,. 
Suffolk,  at  the  age  of  62.  He  was  employed  for  six  months  at  the  Bishop 
Bridge  Iron  Works,  Norwich,  before  entering  the  Camborne  School  of 
Mines  in  1905,  whore  he  obtained  a  first  class  Diploma  in  1908.  He  worked 
for  a  few  months  at  the  Dolcoath  mine  and  in  1909  was  appointed  assistant 
mining  engineer  to  the  Central  Provinces  Prospecting  Syndicate,  Ltd. 
(now  Central  Pro\'inces  Manganese  Ore  Co.,  Ltd.),  emd  was  later  in  charge 
of  some  of  the  Syndicate's  manganese  mines  in  the  Nagpur  District  of 
India.  He  wns  a  trooper  in  the  Nagpur  Mounted  Infantry  Volunteers 
before  the  1914-1918  war,  and  early  in  1916  received  his  commission  in  the 
Indian  Army  Rcscrx^e  Forces.  He  was  first  attached  to  the  South 
Lancashire  Regiment  and  then  to  the  81st  Pioneers  cm  the  North  West 
Frontier,  and  in  August,  1916,  served  in  Mesopotamia  with  the  Royal 
EJngineers,  and  was  mentioned  in  despatches.  He  was  released  from  the 
Army  in  1919  with  the  rank  of  major,  and  rejoined  the  Central  Provinces 
Manganese  Ore  Co.,  Ltd.,  in  the  capacity  of  mines  manager  of  the  Ramtek 
group  of  mines.  From  1923  until  his  retirement  in  1945  he  was  agent  and 
general  manager  to  the  company  in  India. 

Mr.  Riley  was  elected  a  Student  of  the  Institution  in  1908  and  was 
transferre<l  to  Asgociatcship  in  191.3  and  to  Membership  in  1920. 

Arthur  William  Ross  dit»<I  at  Handborough,  (Oxfordshire,  on 
14th  November,  1948,  at  the  age  of  69.  He  was  born  in  Australia  and 
received  his  professional  training  at  Sydney  University  from  1899  to  1902 
and  then  worke<J  for  a  3'ear  as  acting  manager  of  Rosedale  Mining  Co.,  New 
South  Wales.  In  1906  he  was  employed  as  metallurgist  to  Croesus  South 
Gold  Mines,  Ltd.,  Kalgoorlie,  tind  a  year  later  became  manag<^r.  He  joined 
Great  Fingall  Consolidated,  Ltd.,  Day  Dawn,  Western  Australia,  in 
November,  1909,  as  plant  foreman,  but  after  seven  months  joined  Vivien 
Crold  Mining  Co.,  Ltd.,  as  metallurgist,  shortly  afterwards  leaving  to  manage 
Mitchell's  Cnn^k  Gold  Mines,  Ltd.,  Wellington,  N.S.W. 

In  1911  Mr.  Ross  took  up  the  position  of  metallurgist  to  Bibiani,  Ltd., 
Gold  Coast,  and  from  1913  to  1914  was  assistant  manager  of  Naraguta 
(Nigeria)  Tin  Mines.  He  went  to  Biu*ma  in  1915  on  his  appointment  a» 
assistcmt  manager  of  Hermyingyi  Mining  Co.,  Ltd.,  of  which  he  was  made 
superintendent  in  1919.  He  left  in  1921  to  become  manager  of  Rangoon 
Mining  Co.,  a  position  which  he  held  for  six  years  before  being  appointed 
superintendent  of  Consolidat-ed  Tin  Mines  of  Bunna,  Ltd.,  in  1928.  From 
1933  to  1939  Mr.  Ross  held  the  post  of  assistant  general  majiager  to  Maroc, 
Ltd.,  Sierra  Leone,  and  after  a  short  period  at  the  Dokuripe  mine  in 
Northern  IVrritory,  Grold  Coast,  he  returned  to  England.  Owing  to  ill- 
health  he  was  unable  to  resume  his  profession. 

Mr.  Ross  was  electe<l  to  Associateship  of  the  Institution  in  1912  and  U> 
Membership  in  1921. 


The  Council  rogivt  to  announce  the  deatli  on   1 6th  Decombor,  1948»  of 
Adam  Alexander  Boyd,  Member.     An  obituar>'  notice  will  appecu*  later. 
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B^iota  (exthiding  perUkficab  and  work*  marked  «)  map  be  bnrroited  by  membtrM 
»er§omaB0  or  6jr  p<ut  fivm  the  Librarian^  424,  Salitbury  //owm,  London,  K.C.  2. 


Books  and  Pamphlets : 

AsiBNDA  MnnsRAiii  Metaixici 
Itauahi.  MeiaUi  turn  Jerrosi  e 
ferroUght.  {Non-ferroua  metala 
€md  ferrodOoya.)  Statistiche  1948. 
Rome  :   A.M.M.I.,  1948.     123  p. 

BosAZZA,  V.  L.  The  petrography  and 
petrology  of  South  African  clays. 
•Tlraiig:  The  Author,  1948.  313 
p.,  illtiB.,  diagrs.y  tabs.,  biblio. 
428. 

BuTTGENBACH,  H.  Lies  min4raux  de 
Belgique  et  du  Congo  Beige,  Li^ge : 
VaUlant-Carmanne,  1947.  573  p., 
fllos.,  diagrs.,  map,  biblio.     1208. 

DisrSDALB,  C.  Prevention  of  iron  and 
Meel  corrosion.  London  :  Gassier, 
1948.     67  p.,  tabs.     58. 

Jbppb,  C.  W.  Biccard.  Qold  mining 
•n  South  Africa.  London  :  Todd 
Publishing  Group,  1948.  160  p., 
tabs.     7s.  6d. 

Govemment  Publications : 

Bbitish  Ck)LUMBiA,  Dept.  of  Mines. 
Anmual  report  for  1947.  Victoria  : 
Govt.  Printer,  1948.  314  p.,  Ulus., 
maps,  tabs.,  diagrs. 

BiRB,  Geological  Survey.  Irish 
sources  of  lime  and  magnesia  of 
high  purity.  Limestone,  dolomite, 
and  brucite-marhle,  by  D.  W. 
Bishopp.  (Emergency     period 

pamphlet  No.  2.)  Dublin :  Sta- 
tionery Office,  1947.  51  p.,  illus., 
tabs.,  biblio.     Is. 

Qold  Ck>AST,  Mines  Department. 

Report   .    .    .  for  the  year  1947-48. 

Accra  :  Govt.  Printer,  1948.  17  p., 

tabs.     Is. 
Or.  Britain,  Ministry  of  Fuel  and 

Power.   Statistical  digest  \9^^  and 

1947.     London:  H.M.S.O.,    1948. 

170  p.     (Cmd.  7548.)     3s. 

Hansen,  Max,  senior  author.  General 
metallurgy.  {F.I.A.T.  review  of 
Qerman  science,  1939-1946.)  Ger- 
many :  Military  Govt.,  1948, 
295  p.,  biblio.     (German  text.) 

•loos,  Georg,  senior  author.  Physics 
of  solids  :  Part  2.  (F.I.A.T.  review 
if  Qerman  science,  1939-1946.) 
Qermany  :  Militiuy  Govt.,  1948. 
235  p.,  biblio.     (German  text.) 


Malayan  Union,  Geological  SirR- 
VEY  Dept.  Report  .  .  .  for  the 
year  1947,  by  H.  Spence.  Kuala 
Lumpur :  Govt.  Printer,  1948. 
39  p.,  maps.     3s.  6d. 

Palestine,  Dept  of  Land  Settls- 
MENT  and  Water  Commissioner. 
Geology  and  wcUer  resources  of 
Palestine,  by  G.  S.  Blake  and  M.  J. 
Goldschmidt.  Jerusedem :  Govt. 
Printer,  1947.  413+12+39  p., 
illus.,  maps,  diagrs.  (31  sheets  in 
separate  folder),  tabs.,  biblio.  45s. 

Portugal,  Servico  dr  Fomento 
MiNEiRO.  Rochas  e  minirios  da 
regiao  Braganca-Vinhais,  by  J.  M. 
Ck>telo  Neiva.  Porto  :  Servico  de 
Fomento  Mineiro,  1948.  251  p., 
illus.,  diagrs.,  map.  (English 
summary.) 

South  Australia,  Dept.  of  Minks. 
Mining  review  for  the  half-year 
ended  ^Oth  June,  1947,  no.  S6. 
Adelaide  :  Govt.  Printer,  194K. 
120  p.,  maps. 

Transvaal  Chamber  of  Mtnks. 
Timber  Research  laboratory  re- 
ports 1941-45.  J'burg  :  The 
Chamber,  1946.  24;  11  ;  16: 
18;  31  p. 

Uganda,  Geological  Survey  Dept. 
Annttal  report  .  .  .  for  the  year 
ended  31«/  December,  1944. 
Entebbe  :  Govt.  Printer,  1948. 
34  p.     28. 

Union  of  South  Africa,  Gko- 
logical  Survey.  The  geology  of 
the  country  south  of  Ertnelo.  An 
explanation  of  sheet  no.  64 
(Ermelo),  by  H.  N.  Visser  mid 
others.  Pn.^toria  :  Govt.  Printer, 
1947.    110  p.,  illus.,  diagrs.,  biblio. 

58. 

Proceedings  and  Reports  : 

American  Instittte  of  Mining 
and  Metalli;ii(;icai^  Enginefhu*. 
Transactions,  vol.  174  ;  petrohum 
development  and  technology,  194ii. 
N.Y.  :  The  In8titul<?,  1948.  340  p., 
illus.,  diagrs.,  tabs. 

Leeds  University,  Mintno  So- 
ciety. JoumaU  vol.  23,  1948. 
Leeds:  The  Socioty.  1948.  120  p.. 
illus.     28.  6d. 
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ASSAYING  AND  SAMPLING. 

flAJiPLING  —  ALLUVIAI£.  —  Averaging 
ttUovial  samples.  R.  T.  Hancock. — Min. 
Mag.,  Lond.«  Vol.  79,  Nov.  1948,  pp.  270-4, 
tabs.    Is.  6d. 

SAMPLING  —  QUEBEC.  —  Quebec  Govern- 
ment sampl^  and  treatment  plant. 
Maurice  Axchambaolt. — Canad.  Min.  J., 
Gardenvale,  P.Q.,  Vol.  69,  Oct.  1948,  pp. 
in-3,  Ulus.     $1. 

SAMPLING — TIN.— Sampling  methods  and 
resalts  at  the  Solllvan  creek  tin  placer 
deposits,  Manley  Hot  Springs,  Toftv, 
Alaska.  Robert  L.  Thome  and  W.  S.  Wright. 
—U.S.  Bur.  Min.  Rep.  Invest.  4346,  Wash., 
D.G.,  Sept.  1948,  8  p.,  maps,  diagrs.,  lublio. 

€X>PPER. 

ALASKA— PRINCE  OF  WALES  ISLAND.— 
Diamond  drilling  at  Rush  and  Brown  copper 
mine,  Kasaan  Bay,  Prince  of  Wales  Island, 
Aoutheaatem  Alaska.  S.  P.  Holt  and  others. 
—U.S.  Bur.  Min.  Rep.  Invest.  4349,  Wash., 
D.G.,  Sept.  1948,  7  p.,  maps,  tabs.,  diagre. 

iJYPRUS. — Cypnw  mines  copper  again.  J.  L. 
Bmoe.—iAmer.  Inst.  Min.  Engrs.  Tech.  Pub. 
2469)  .Wfii.  Technol..  N.Y.,  Vol.  12,  Sept. 
1948, 28  p.,  illus.,  map,  diagrs.,  bibho.  $1.35. 

MAINE— HANCOCK  CO.— Investigation  of 
the  Capo  Hosier  zinc-copper-lcad  mine, 
Hancock  county,  Maine.  S.  B.  Levin  and 
liobert  S.  Sanford.— i^5.  Bur.  Min.  Rep. 
Invest.  4314,  Wash.,  D.C.,  Sept.  1918,  8  p., 
maps,  diagrs.,  tabs.,  flowsheet. 

NORTH  CAROLINA— ASHE  CO.  -luvesU- 
gation  of  the  Oru  Knob  copper  mine,  Ashe 
county,  N.C.  T.  J.  Ballard  aud  A.  B. 
Clayton.— r.5.  Bur.  Min.  Rep.  Invest.  4341, 
Wash.,  D.C.,  Sept.  1048,  8  p.,  maps,  diJigrs., 
tabs. 

QUEBBC.  —  Non-ferrous  base  metals  in 
Quebec.  W.  M.  Bonham. — Canad.  Min.  J., 
Qardenvah;,  P.p.,  Vol.  r.9,  Oct.  1948,  pp. 
174-81,  ilUw.,  biblio.,  flowsheet.     $1. 

TRANSVAAL.— Copper  deposits  at  Mwwina 
mine ;  mining  and  recovery  methods ; 
ingots  of  exceptional  pnritv. — Min.  Iruiusfr. 
Mag.  S.  Afr.,  J'bunr,  Vol.  38,  Oct.  1918,  pp. 
527-9,  tal»y.      Is. 

■CX>NOMICS. 

flOSTS  —  TL\i;LA(iK  CARS.  —  (Jutli.  riui: 
haulage  with  miii<>  o.orR ;  a  report  showing 
metho<ls  of  c^tLniatiiig  the  cost  of  iiistulling, 
maintaining  ami  oporatinp  an  uudor{m>und 
track  Rvstom.  Committee  on  llotilagf* 
Beads.  -.<f»n.  'nngr.  ./.,  Wash.,  D.C,  Vol. 
34,  Auj^UBt  i'.»4f<,  pp.  4.V7,  illus.,  tahe., 
diagr. ;  Snpi»lcnH'nt  to  the  n-port.  (.)rt, 
1948,  i>p.  H;  7.  itihs.     :{••  cents  emh. 
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LABOUR— WAGES.— Bonus  paymenfes  to 
raise  production  ;  natives  welccune  '  iaoen- 
tive '  system.  H.  R.  Eraser.— 5.  Afr,  Min, 
Engng.  J.,  J'burg,  Vol.  59,  Pt.  3,  Oct  9 
1948,  pp.  159-«1.     6d. 

LABOUR  —  WAGES  —  TRANSVAAL,  — 
Conditions  in  the  gold  industry.  The  Gold 
Producers*  Committee  of  the  TraQgraAl 
Chamber  of  Mines  on  wage  rates,  hooai  of 
work,  etc,  of  employees,  Pte.  1-3. — S,  Afr. 
Min.  Engng.  J.,  J^burg,  VoL  59, 1948,  Pt.  2, 
Nov.  6,  pp.  261-5  ;  Nov.  13,  pp.  S9I-S ; 
Nov.  20,  pp.  823-5. 

MANAGEMENT.— Management  in  tndartiy. 
F.  G.  HilL— /.  chem.  Soc.  8.  Afr.,  J*blui^ 
Vol.  49,  August  1948,  pp.  35-53.     6s. 

PRODUCTION  —  ARGENTINE.  —  Bsta- 
distica  minera  de  la  nacion  ano  1944.  Ajiibal 
R.  Marquez  and  Amilcar  A.  Casandlo. — 
Pub.  Direcc.  Min.  Argent.  136,  Bs.  Aires. 
1948,  217  p.,  tabs.     $1,00  m/n. 

PRODUCTION  —  ASBESTOS.  —  ChryaoClle 
asbestos  production  by  countries.  (Fltxn 
the  beginning  of  production — Oanada  and 
Southern  Rhodesia). — Rhod.  Min.  /.,  J*baig, 
Vol.  20,  Oct.  1948,  p.  309.     6d. 

PRODUCTION  —  MERCURY  —  CALI- 
FORNIA.— Economic  aspects  of  meioaty 
production  in  California.  C.  R.  KIiue. — 
Calif.  J.  Min.,  San  Francisco,  Vol.  44,  Oot. 
1948,  pp.  327-34,  diagre.,  bibUo. 

PRODUCTION  —  PETROLEUM— AHOBN- 
TINE.— Estadistica  de  petroleo  de  la 
Rep'ublica  Aigentlna  correqxmdieDte  al 
ano  19A6.—Pvb.  Direcc.  Min.  ArgeM.  1S8, 
Bs.  Aires,  1948,  70  p.,  maps,  tabs.  90,60 
m/n. 

TAXATION— MEXICO.-  Mexico's  tax  Jum- 
ble. Herbert  Bratter.— A'ti^*v.  Min.  J., 
N.Y.,  Vol.  149,  Oct.  1918,  pp.  9>-#.  10 
cents. 

GEOLOGY  AND  ORE  DEPOSITS. 

GEOLOGY  —  ANTIMONY  —  CIItNA.  — 
Antimony.  (Lists  ore  reserves  of  fHifnosc 
antimony  mines.) — Miner.  Tr,  Jfatm^ 
Wash.,  D.C.,  Vol.  26,  March  1948,  pp.  V-ft, 
tabs. 

UROLOGY  -  MHITISH  (X3LUMBIA  — 
AIKEN  LAKK.— (toolngy  and  mineral 
deposits  of  Aikcii  I^ko  map-area,  Biftish 
C^olumbiu  (I'reluninani-  Account).  B.  P. 
Iloot«. — Canad.  Crol.  Surv.  P^.  48-5, 
Ottawa,  1948,  4(>  i>..  map,  tabs.,  diagr. 

GKOI/)GY  —  lUlITTSH  COLUMBIA  — 
SALMON  ARM. — .Salmon  Arm  map-ana, 
British  Columbia  (Preliminary  Aoooiuit). 
A.  (1.  Joncp.  -Canaa.  Crol.  Surv.  Pap.  48-4, 
Ottawji.  1948.  7  ]k,  map.     (Typmcripk) 
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OBOUOT  AND  ORB  DEPOSITS— 

CBObOQY—CALIFOBNIA.— Geology  of  the 
qoadnm^,  CaUfomia.      Aithor  8. 
.—BmO.    Caiif.   IHv.   Min,   140,   Sao 
Jolj  1948,  75  p.,  mas^  mape, 
tabs.,  biblSo. 


OBOI/»T  —  DIATOMITB  —  VICrrORIA— 
RBDBSDAI^.— Diatomlte  near  Redcedale. 
D.  B.  Thofnaa.— Jfin.  Q«oi.  J.,  Melb.,  VoL  S, 
Sept.  1948,  p.  36,  map.     Is. 

OBOLOOT  —  GBRaiANY— WBSTPHALU. 
— Die  Fragc  dea  MUnsteriSnder  Hauptab- 
toncfas  nArdUoh  too  MUnster.  Qerhard 
KeDer.— ^Tbtdvif/,  Baeen,  Vol.  84,  Nov.  6 
194M,  pp.  77S-5,  map,  diagra.    4  DM. 

OaOIX)GY  —  GOLD  —  BRAZIL  —  MINAS 
QBRAIS. — Notaa  sobre  o  min&rio  da  mina 
da  FaaaaiEem.  11.  G.  Alcea  Pabio  Baiboea 
and  others. — Minerae.  Metal.,  Rio  de 
Jantiro,  Vol.  13,  Jnly-Augost  1948,  pp. 
101-10,  niua.,  biblio.    Cr  $8,00. 

OBOLOGY  —  GOLD  —  BRAZIL  —  MINAS 
GBRAIS.— Sobre  o  min^rio  da  mina  de 
«nro4eMom>Velbo,MlnaBGerai8.  William 
O.  R.  de  Camaiipo.— J/<iwrac.  MetaU.^  Rio 
de  Janeiro,  VoL  13,  Joly-Angaat  1948,  pp. 
111-ft,  diagra.,  biblio.    Cr  $8,00. 

OBOLOGY  —  GOLD  —  NIGERIA.  —  The 
Ile-neaha  goldfield.  (Interim  report  no.  8.) 
A.  M.  J.  de  Swaidt. — Rrp.  ged.  Surv.  Nigeria 
1M7,  Lagoa,  1948,  pp.  14-19.    9d. 

GEOLOGY  —  GOLD  —  SUMATRA.  —  The 
Mangani  vfin  system.  W.  De  Haan. — 
CtoL  Mift^tfottw,  The  lliu?uc.  Vol.  10,  Not. 
1948,  pp.  29»-3(lO. 

GEOLOGY  —  GOLD  —  SUMATRA.  — 
TiKtoDics  and  oreniepoBits  of  Mangani. 
L.  Boomgaart.  —  Geol.  Mijnbome,  The 
Uagoe,  VoL  10,  Nov.  1948,  pp.  293-8, 
flMpa,diagxs. 

OIOLOOY  —  IRON  —  LABRADOR.— Iron 
deporita,  Labrador  and  New  Qaebec.  W.  M. 
Bonbam. — Canad.  Min,  7.,  Gardenvale, 
P.Q.,  VuL  69,  Oct.  1948,  pp.  19U-204,  map, 
iOns.     $1. 

OlOLOGY  —  IRON  —  NBW  QUEBKC— 
IniQ  depueits,  Labrador  and  New  Quebec. 
W.  M.  Bonhun. — Canad.  Min.  J.,  Garden- 
raJe,  P.Q.,  Vol.  69,  Oct.  1948,  pp.  199-204, 
ilfau.,m^.     $1. 

OBOLOGY— LEAD,  ZING-ILLINOIS— JO 
DAVIBSS  CO.— InvestigaUon  of  the 
Blewett  zinc-lead  deposit,  Jo  Daviess 
county.  IlL  Stephen  P.  Holt.— 17.5.  Bur. 
MiM.  Rep.  Inteit.  4350,  Wash.,  D.C.,  Sept. 
1948,  36  p.,  map:»,  diagrs.,  tab^. 

SIOLOGY  —  LEAD,  ZINC  —  NIGERIA 

Notes  on  the  Zurak  lead-zinc  veins.  J.  B. 
Bockjngham  and  R.  A.  Mackay. — RejK 
nA.  Surv.  Nigeria  1947,  Lagos,  1948,  pp. 
lS-4,  mi^.     9d. 

OlOLOGY  —  METAMOIIPHISM  —  SOUTH 
DAKOl'A.— Stratigraphy  and  mctamor- 
pbinn  in  a  part  of  the  northern  Black  Hills 
•ad  the  Homestake  mine,  Lead,  South 
Dakota.  James  A.  Noble  and  James  O. 
fianler. — BuU.  Geol.  Soc.  Amer.,  Baltimore, 
MtLVoL  69.  Sept.  1948,  pp.  941-76,  Ulus., 

•iOLOGY  —  NEWFOUNDLAND— BURIN 
PE.SIN8U LA.— Geology  and  mineral  de- 
posita  of  the  St.  Lawrence  area.  Burin 
fCOinraJa,  Newfoundland.  Ralph  Erakino 
Ha  Ahaat.^New/oundUmd  Geol.  Surv. 
A<.  X3,  St.  John's,  1948,  64  p.,  iUos.,  niaps, 
Wft..  biblio. 
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GEOLOGY — NEWPOU  N  DLAN  D—WHITfl 
BAY. — QecAogy  and  mineral  depoaita  o< 
southern  White  Bay.  Prnderick  Beta,  Jr. — 
Newfoundland  Geol.  Sure.  BulL  24,  St.  John's. 
1948,  26  p.,  illns.,  mi^is,  diagn.,  biblio. 

GEOLOGY  —  PACIFIC  ISLANDS  —  IWO 
JIMA. — Geology  and  ground-water  r«- 
sources  of  Iwo  Jima.  Frank  A.  Swenaon. — 
MM.  Geol.  Soe.  Amer.^  Baltimore,  Md.,  Vol. 
u9,  Oct.  1948,  pp.  990-l(K)8,  illus.,  maps, 
tabs.,  bibUo.     $1. 

GEOLOGY     —     PERU     —     AREQUn'A  ' 
REGION.— Pleistocene  climate  and  topo- 
graphy of  the  Arequlpa  region,  Peru.  C  N. 
Fenner. — Bull.  Geol.  Soe.  .imer.,  Baltimore, 
Md.,  VoL  fi9,  Sept.  1948,  pp.  89&-917,  iUas., " 
biblio.     $1. 

GEOLOGY  —  PHOSPHATES  —  FLORIDA. 
— Occurrence  of  heavy  minerals  in  the 
pebble  phosphates  of  Florida.  Frank  B. 
iluntex.— {^WMT.  Inst.  Min.  Engr$.  Tech. 
Pub.  2456)  Min.  Teehnol.,  N.Y.,  VoL  12,  . 
Sept.  1948,  4  p.,  tab.,  biblio.     $1.35. 

(JBOLOGY  —  PHOSPHATES  —  PACIFIC 
ISLANDS. — Emerged  phosphate  islands  in 
Micronesia.  L.  B.  Nugtrnt,  Jr. — BulL  OeeH. 
Soc.,  Amer.f  Baltimore,  Md.,  Vol.  59,  Oct. 
1948,  pp.  977-94,  map,  diagrs.,  bibUo.     $1. 

GEOLOGY— RADIO  ACTIVE  MINERALS 
—  ONTARIO  —  HALIBURTON  00.  - 
Report  on  some  radioactive  mineral  occur- 
rences in  Cardiff  and  Monmouth  townships, . 
Haliburton  county,  Ontario.  S.  £.  Wolfe 
and  Nelson  Hogg. — Ont.  iJrp.  Min.  Rep. 
1948-8,  Toronto,  1948,  13  p.,  maps,  diagrs. 

GEOLOGY  —  STRATIGRAPilY  —  SOUTH 
DAKOTA. — Stratigraphy  and  metamur- 
phism  in  a  part  of  the  northern  Black  HiUa 
and  the  llomestake  mine,  Jjead,  South 
Dakota.  Junes  A.  Noble  and  Jamos  O. 
Harder. — Bull.  Geol.  Soc.  Antcr.,  Baltimore, 
Md.,  Vol.  69,  Sept.  1948,  pp.  941-75,  illns., 
biblio.     $1. 

GEOLOGY  —  TECTONICS— ARGENTINE. 
— Obaervaciones  tectonicas  on  La  RincttQ- 
ada  precordillera  du  San  Juan.  Arnold 
Uoim. — Bol.  Lirtcc.  Miit.  Argent.  64,  i>H. 
Aires,  1918,  38  p.,  iUuH.,  diagrH.,  maps. 
bibUo.     $1,50  m/n. 

GEOLOGY  —  TIN  —  NIGERIA.  —  Gcolt^y 
of  the  Plateau  tiutields.  (Interim  report 
no.  4.)  J.  E.  Rockingham. — Rep.  geol.  Surv. 
Nigeria  1947,  Lagos,  1948,  pp.  19-22.     'Jd. 

GEOLOGY  —  URUGUAY.  —  Informe  geoli/- 
gico  relacionado  con  uu  provecto  de  dique 
de  embalse  del  Rio  Uruguay  en  Salto 
Grande.  Luis  R.  Lambert.— *fio/.  Direct . 
Min.  Argent.  G3,  Bs.  Aires,  1948,  19  p.. 
illus.,  maps,  diagrs.     $2,00  ni/n. 

MINERAL    RESOURCES  —  FLNLAND. 
Finland's  ore  potential ;    poaitiun  of  non- 
ferrous  metals  reserve. — Metal  Jnd.,  Lond., 
VoL  73.  Nov.  20  1948,  pp.  426-7.     Ud. 

MINERAL  RESOURCES  —  NEWFOUND- 
LAND—BURIN PENLNSUI..V.— Geology 
and  mineral  depOBitA  of  the  St.  Lawrenoa 
area,  Burin  peninsula,  Newfoundland. 
Ralph  Erskine  van  Alstine.—  Nevfoundland 
Geol.  Surr.  Bull.  23,  Ht.  JohnV,  1918,  64  p., 
illus.,  maps,  tahfl.,  biblio. 

MINEltAL  RESOURCES  —  NEWFOUND- 
LAND —  WHITE  BAY.  —  Geology  and 
mineral  deposits  of  southern  White  Bay. 
Frederick  Betas,  Jr. — NevfounMand  Geol. 
Surv.  BuU.  24,  St.  John's,  1948,  26  p.,  illus.. 
maps,  diagrs.,  biblio. 
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MINING  iOtnar^y— continued. 

BOBING  —  DIAMOND  DRILLING.  — 
Diamond  drilliiur  at  the  Big  Ore  Bank 
magnetite  deponts,  Lincoln  county,  N.O. 
Austin  B.  Clarton  and  W.  Brace  Mont- 
gomery, Jr. —  U.S.  Bur.  Min.  Rep.  Invest. 
4347,  Wasli.,  D.C.,  Sept.  1948,  6  p.,  map, 
tabs.,  diagn. 

nOKIKG  —  DIAMOND  DRILLING.  — 
Diamond  drilling  at  Rush  and  Brown 
copper  mine,  KaEiaaa  Bay,  Prince  of  Wales 
luand,  floutheastem  Alaska.  S.  P.  Holt 
and  otbeTB. — U.S.  Bur.  Min.  Rep.  Incest. 
4340,  Wash.,  D.C.,  Sept.  1948,  7  p.,  maps, 
tabs.,  diagrs. 

BORING  —  DIAMOND  DRILLING  — 
PRACTURBD  DOLOMITB.--Oore  analy- 
sis of  fractured  dolomite  in  the  Permian 
Basin.  Burton  Atkinson  and  David  John- 
ston.— (^Amer.  Inst.  Min.  Engrs.  Tech.  Pvb. 
S482)  Petrol.  Teehnol.,  N.Y.,  VoL  11,  Sept. 
1948,  5  p.,  illus.     f  1.35. 

ClAUFORNTA. — Current  and  recent  mining 
acUrities  in  the  Redding  district.  J.  G. 
O'Brien.— Co/t/.  J.  Min.^  San  Frandsoo, 
VoL  44,  Oct.  1948,  pp.  335-78,  iUns. 

J^RAINAGK— PUMPING— CENTRIFUGAL 
PUMPS. — Multistage  centrifugal  pumps. 
W.  T.  B.  YfM.—J.  Leeds  Univ.  Min.  Soe., 
Leeds,  VoL  23,  1948,  pp.  99-1U9,  iUus., 
diagn.    2s.  Gd. 

DRIFTING  —  HAULAGBWAYS.  —  Driving 
the  Grootvlei  45  haulageway ;  results 
achieved  with  shovel  loaders  in  this  South 
AMcan  mine. — Engng.  Min.  7.,  N.Y.,  VoL 
149,  Oct.  1948,  pp.  80-5,  illus.,  diagrs.,  tabs. 

DRIFTING— STONE  DRIFTS.— Some  ex- 
periments with  long  rounds  in  drifting; 
work  carried  out  at  Beckermet  mines 
((Xunberland)  with  a  view  to  discovering 
the  effects  of  the  length  of  rounds  on  the 
speed  drifting.  Rounds  up  to  12  ft.  deep 
have  been  successfully  borc^  and  fired, 
while  further  experiments  will  include  holes 
op  to  17  ft.  in  depth.  J.  R.  Gunn. — (J/tn. 
Proe.  not.  Ass.  CoU.  Mngrs.)  Iron  Coal  Tr. 
Rev.^  Lond.,  VoU  167.  Nov.  26  1948,  pp. 
1183-7,  illus.,  diagrs.,  tab.    9d. 

DRILLING  —  DIAMOND  —  LARGE 
DIAMETER.  —  Diamond-drill  blast-hole 
practice  at  the  Roan  Antelope  copper  mine. 
H.  P.-C.  NeviU  and  W.  K.  BurgoBs.— Bufl. 
Instn.  Min.  MetaU.,  Lond..  No.  604,  Nov. 
1948,  pp.  1-28,  illus.,  diagnt.,  tabs.  (Paper 
Ss.) 

DRILLING  —  THERMIC  DRILLING.  — 
Thermic  drilling.  (Oxygen  lance  for  drilling 
rock,  etc.  Experhnents  in  New  Zealand.) 
W.  J.  Moffat.— ^^.^r.  Engng.,  Wellington, 
Vol.  3,  Sept.  1948,  pp.  896-9,  illus.    Is.  3d. 

DRILLS  —  BITS  —  TUNGSTEN  CARBIDE. 
— Canict  bits  for  rock  drills.  (Tungsten 
carbide  insert  bits.)  C.  H.  Vivian. — Compr. 
Air  Mag.,  N.Y.,  VoL  63,  Nov.  1948,  pp. 
267-71,  illus.     35  cents. 

GBRMAN  Y.— Gebirgsbehenschung  Dmckaus- 
nutsung  und  Mechanisierung  im  deutschen 
nnd  ira  amerikauischen  Bergbau.  Geoig 
Spackelcr. — Oluckauf,  Essen,  VoL  84,  Nov. 
JO  1948,  pp.  798-807.    4  DM. 

HAULAGE  —  (X)NVEY0R8  —  BELT.  — 
Engineering  data  conveyor  belting. — Canad. 
Min.  Manual^  Gardenvale,  P.Q.,  1948,  pp. 
S6&-64,  diagrs.,  tabs. 


BONING  (GmoisnSy-<ontimmd. 

HAULAGE  —  CONVEYORS  —  BELT. 
Underground  shaker  and  conveyor  belt 
operation;  lower  trammihg  and  poW«r 
costs  and  increased  production  reallxed  frocii 
shaker-belt  installation.  Philip  D.  PsacKm 
and  Richard  O.  Mantten. — Mm.  Conor,  J.,. 
Wash.,  D.C  Vol.  34,  Oct.  1948,  pp.  18-M  ; 
61.     30  cents. 

HAULAGE  —  CONVEYORS  —  SHAKERS. 
— Underground  shaker  and  conveyor  b«It 
operation ;  lower  tramming  and  povrar 
oosts  and  Increased  prodoctioii  realised 
from  shaker-belt  installation.  Philip  I). 
Peignson  and  Richard  O.  Mareten. — Min. 
Coi^.  J.,  Wash.,  D.C.,  VoL  34,  Oct.  194^, 
pp.  18-22  ;  61.    30  cents. 

HAULAGE    —    INCLINED    SHAPT8     - 
ROLLERS.— Shaft    rollers    used    in    tiir 
Bunker  Hill  mine.  Wendell  II.  Denlingor.— 
Min.  Congr.  J.,  Wash.,  D.C.,  VoL  34,  Oct. 
1948,  p.  38.    30  cents. 

HAULAGE  —  LOADING  —  SHOVEL 
LOADERS.- Betriebserfahrungen  mit  deoi 
SflJzgitterlader  im  Ruhrbergbau.  Werner 
Hoffmann.— (7lticlraii/,  Easen,  Vol.  84,  Nov. 
6  1948,  pp.  761-6,  tabs.,  diagrs.   .4  DM. 

HAULAGE— LOC!OMOTIVES.— Notes  on  a 
departmental  visit  to  the  Dutch  coalfield : 
Io(M}motlve  haulage.  J.  E.  Wood. — Unte. 
Durh.  King's  CoU.  Min.  Soe.  J.,  DoA:, 
July  1948,  pp.  ri3-9,  illus.,  diagrs.    6e. 

HAULAGE  —  LOCOMOTIVES  —  DIB8H1.. 
— Review  of  Bureau  of  Mines  work  on  use 
of  diesel  engines  underground.  Martin  A. 
Elliott.— t^.-S.  Bur.  Min.  Rep.  Invest.  4S81. 
Wash.,  D.C.,  Sept.  1948,  28  p.,  iUus.,  tabs., 
diagn. 

HOISTING.— Investigations  regarding  the 
safety  of  hoisting  equipment  and  hoistjog 
practice  in  Ontario  mines.— Bull.  Ont.  Dtp. 
Min.  138,  Toronto,  1947,  214  p.,  ilhis., 
diagrs.,  tabs.,  biblio ;  Appendix  2,  Ropa 
and  hoist  data,  73  p.     $b. 

HOISTING— CAGE  GUIDES.— Wiederver- 
wertung  ausgefahrcnor  Spurlstten.  Franc 
K6hnen.—0luctauf,  Essen,  Vol.  84,  Nov.  S 
1948,  pp.  773-3,  diagr.    4  DM. 

HOISTING  —  ELEVATORS  —  Elevaton : 
Pt.  4.  Fred  liCbeter.— J/in^  K:  Quarrf^ 
Engng.y  Lond.,  Vol.  14,  Dec.  1948,  pp. 
377-82,  diagrs. 

HOISTING— KOEPE  METHOD.- Notes  on 
a  departmental  visit  to  the  Dutoli  coalfield : 
Koepe  ^jv-inding.  S.  E.  Brooks. — Unln. 
Durh.  King's  CoU.  Min.  fifte.  /.,  Duxii., 
July  1948,  pp.  56-62.  ilhis.,  diagiB.    6a. 

HOISTING  —  ROPES.  —  Investtgatlona 
refi^urding  the  safety  uf  hoisting  equipment 
and  hoJBting  practice  in  Ontario  m&ea.-^ 
Bull.  Ont.  Dep.  Min.  138,  Toronto,  1947, 
214  p.,  illus.,  diagrs.,  tabs.,  biblio. ; 
Appendix  2,  Rope  and  hoist  data,  73  p.     $6.. . 

HOISTING  —  SAFETY  DBVKJBS.  — 
Investigations  regarding  the  safetr  of 
hoisting  equipment  and  hoisting  practice  in 
Ontario  mines.— Z^ui/.  Ont.  Dep.  Min.  138,. 
Toronto,  1947,  214  p.,  illus.,  diagrs.,  tabs., 
biblio ;  Appendix  2,  Rope  and  hoist  dal% 
73  p.     t5. 

HOISTING  —  SAFETY  DEVICJBB.  - 
S<mie  notes  on  tlie  design  of  safety  dogs. 
L.  O.  Cooper.— C'amu/.  Min,  MetaU.  BuU. 
436  (TVotu.  Vol.  51,  pp.  252-4),  Montreal,, 
Oct.  1948,  pp.  570-;2,  diagrs.,  tabs.     $1. 
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LLLUmNATIOM.— lOiMs  Ughting'and  deve- 
ioomezki:  Vt.2(caitebtded},  J.  P.  Ck>nii8h.— 
Mim.  BteeL  Medk.  Bngr.,  Haachr^  VoL  29, 
KofT.  1B48,  pp.  166-9.     88.  6d. 

fU>UMnrATION— LAMP  BOOMS.— Laim> 
VDom  design.— C^nAr.  DurK  ■  King*s  Cm. 
Mim.  BuO.,  Doriiu,  YoL  3,  Na.4,  Nor.  1948, 
(Ser.  Light.  No.  2)  S4  p.,  illna.,  dlagis. 

ILLUMINATION— POBTABLB  LAMPS.— 
Recent  progress  in  mine  lighting  with  special 
gefereoce  to  portable  laiM».  Gyril  D.  J. 
autbam.— I7ii«r.  Durh.  King's  CoU,  Min. 
Soc.  /.,  Durh.,  July  1948,  pp.  28-48,  Ulns., 
diagzs.    9e. 

MINE  QASBS  ~  rNFIAMMABILITY.  — 
Limits  of  inflammability  of  gases  in  the 
preaenoe  of  diluents.  A  critical  review  of 
daUL  J.  H.  Buxgoyne  and  G.  Williams-Leir. 
—rmei.  Lend.,  VoL  27,  Sept.-Oct.  1948,  pp. 
118-^26,  taba.,  bibUo.    6a. 

MIKDfQ  iLBTHODS— HOLLAND.— Notes 
oo  a  departmental  visit  to  the  Dutch  cpal- 
field  :  methods  of  working.  J.  B.  Marr. — 
Vwi9.  Dvrh.  King's  CoU.  Min.  8oe.  J., 
Dorfa^  July  1948,  pp.  70-9,  diagn.    Oa. 

MIMNO  METHODS— HOBIZON  MINmQ. 
— Investigation  of  horizon  mining  and  area 
planning  as  practised  in  the  Buhr  coal- 
field, Germany.— B.T.O.S.  Final  Report 
179«,  Item  30,  1948,  H.M.S.O.,  44  p., 
diagn.    178.  6d. 

MINING  METHODS  —  OPENCAST  - 
BXCAVATOKS. — Long  range  shovels  and 
draglines  for  stripping.  W.  Barnes. — 
Et^ine^,  Lond.,  VoL  1C8,  1948:  Pt.  4. 
Walking  dragUuea.  Oct.  15,  pp.  381-3, 
iUua.,  diagre. ;  Pt.  6,  Oct.  22,  pp.  407-10, 
illua..  tabs.;  Pt.  C,  Oct.  29,  pp.  433-5, 
ilhtt.,  diagrs.,  tabs.     Is.  6d.  ea. 

MINING  METHODS  —  SYSTEMS  —  TOP 
SLICING. — Use  of  steel  in  top  slicing 
Olavrovounl  mine,  Cyprus).  James  L. 
Brace  and  othen.—(Amtr.  Inst.  Jjiin. 
Engrs.  Tech.  Pub.  2458)  Min.  Technol.,  N.Y., 
VoL  12,  Sept.  1948,  16  p.,  illus.,  tabs., 
diagi«.,  bibUo.     $1.35. 

MINLVG  METHODS  —  TOOLS  —  HARD 
SURFACING.— The  use  of  hard  surfacing 
in  the  Stockton  (New  Zealand)  open  cast 
mining  area.  H.  P.  Kerr. — y.Z.  Engng., 
WeUi^jton,  VoL  3,  Sept.  1948,  pp.  893-5, 
Qhu.     la.  3d. 

ORB  HANDLING— OBB  BOXES.— Stope 
ore-l>oxe«-  N.  M.  Holfoni. — Ass.  Ming 
Mgrs.  Transvaal  Ore.  7/48,  J'burg,  Sept.  17 
1948,  2  p.,  diagrs.     (Typescript.) 

PROSPECTING  —  OOBES  —  ANALYSIS.— 
Owe  analysis  of  fractured  dolomite  in  the 
Permian  Basin.  Burton  Atkinson  and 
David  Johutton. — (Ahmt.  Inst.  Min.  Engrs. 
Tech.  Pub.  2431')  Petrol.  TecknoC.,  N.Y., 
VoL  11,  SepL  1948,  5  p.,  iUus.     $1.35. 

PROSPECTING— GEOPHYSICAL  PROS- 
PBCriNG  —  GERMANY.— Geophysika- 
Uache  LageiBt&ttenlonchung.  Hermann 
Ecich.— /"/^r  Review  of  German  Science 
1939-1946.  Geophysics.  Pt.  1.  Wiesbaden, 
1948,  pp.  197-228,  map,  bibUo.  (German 
text.) 

PB08PB0TINQ— GEOPHYSICAL  PROS- 
PECTING—INDIA.— Past  and  future  of 
exploratioB  geophysios  in  India.  G.  Dessau. 
—Trans,  Min.  OeoL  JnH.  India^  Calcutta, 
VoL  43,  Sept.  1947,  pp.  41-66,  Ulus.,  biblio. 
Ba.6a. 
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PBOSPECrriNG— GEOPHYSICAL  PROS- 
PBOTING  —  MAGNETIC  METHODS.— 
Magnetometric  survey  of  the  Mahopac 
magnetite  mine,  Putnam  county,  N.Y. 
W.  T.  Millar  and  others.— UM.  Bur.  Min. 
Rep.  InvesL  4388,  Wash.,  D.O.,  Sept.  1948, 
4  p.,  maps. 

QUABBYTNG.— The  design  and  operation  of 
a  modem  limestone  quarry.  D.  J.  Isaac. — 
Quarry  Mngrs.  J.,  Lond.,  Vol.  32,  Nov* 
1948,  pp.  241-62,  ilhis.,  diagrs^  tabs.  Is.  6d. 

QUEBEC— Mining  in  Quebec  ;  an  historical 
sketch.  A.  O.  Dufresne. — Conod.  Min.  J., 
Gardenvale,  P.Q.,  VoL  69,  Oct.  1948,  pp. 
110-6.     $1. 

BOCK  PBESSUBB— ELASTICITY.— Deter- 
mining dastidty  in  rook ;  ^uipment  for 
measuring  expansion. — S.  Afr.  Min.  Engng. 
/.,  J'burg,  VoL  69,  Pt.  2,  Oct.  9  1948,  pp. 
161-3,  illus.,  diagr.    6d. 

SHAFTS— BAISES.^42136  surface  raise  at 
the  SuUivan  mine  of  the  Consolidated  Mining 
and  Smelting  Company  of  Canada,  Limited, 
Kimbcriey,  B.C.  (760  ft.  without  an  inter- 
mediate break.)  O.  E.  Weightman. — 
Canad.  Min.  MetaU.  BuU.  438  (Trans.  VoL 
61,  pp.  252-4),  Montreal,  Oct.  1948,  pp. 
573-9,  diagrs.     $1. 

SHAFTS  —  SINKING  —  NOBTHWBST 
TBBBITOBIES.— Shaft  sinUng  at  Viking 
Yellowknife  mine.  (Two  compartment 
shAfts  sunk  130  ft.  by  four  sinkers  in  28 
dajrs  at  cost  of  $53.19  per  ft.)  Henry  Lepp 
BJid  Norman  VV.  Byrne. — Canad.  Min. 
MetaU.  BuU.  438,  Montreal,  Oct.  1948,  pp. 
580-2.     $1. 

SUPPOBT— HYDRAULIC  PROPS.  -  The 
hydraulic  pit  prop  ;  sucoeasful  application 
at  WUIlarathorpe  colliery.  (Heath,  Derbys.) 
—CoUiery  Ouard.^  Lond.,  VoL  177,  Nov.  li 
1948,  pp.  641-3,  illus.,  diagr.     1«. 

SUPPORT— ROCK  PRESSURE. -Contribu- 
tion to  the  symposium  on  rock  pressure. 
D.  W.  Pliillips.  (Symposium  on  Rock  " 
Pressure  in  Coal  Mining,  Netherlands, 
1947.)  Oeol.  Mijnbouw,  The  Hague,  VoL 
10,  Oct.  1948,  pp.  216-39,  tabs.,  diagrs. 

SUPPORT— ROCK  PRESSURE.- Over  ont- 
spanningsverschijuselcn  in  bet  gebcrgte  bij 
raijubouw,  belicht  uit  het  standpunt  van 
de  mijnmeter.  (On  expansion  phenomena  of 
coal  measure  rocks,  due  to  miidng  activities, 
aa  seen  from  point  of  view  of  the  surveyor.) 
G.  J.  A.  Grond.  (Symposium  on  Rock 
Pressure  In  Coal  Mining,  Netherlands,  1947.) 
Geol.  Mijnbouw,  The  Hague,  VoL  10,  Oct. 
1948.  pp.  240-90,  diagis.,  Ubs.  (English 
summuy.) 

SUPPORT  —  ROCK  PRESSURE.  —  The 
theory  of  rock  pressure  on  coal  mining. 
P.  K.  Th.  van  Iterson.  (Symposium  on 
Rock  Pressure  in  Coal  Mining,  Netherlands, 
1947.)  Geol.  MijnbouuK,  The  Hague,  Vol. 
10,  Oct.  1948,  pp.  198-215,  diagrs.,  biblio. 

SUPPORT— STBEL.-Use  of  steel  in  top 
slicing  (MavTovouni  mine,  Cyprus).  James 
L.  Bruce  and  others. — (Amer.  Inst.  Min. 
Engrs.  Tech.  Pub.  2458)  Min.  Technol.,  N.Y., 
VoL  12,  Sept.  1948,  16  p.,  illus.,  tabs., 
diagrs.,  bibUo.     $1.35. 

SURVEYING  —  AERIAL.  —  Vertical  air 
photographs  as  a  geologicid  tool.  N.  L. 
Falcon. — Inst.  Petrol.  Rev.,  Lond.,  Vol.  2, 
Oct.  1948,  pp.  28»-94,  illus.     fls. 
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TBAK8POBTAnON  —  8WBDXN.  —  Ifsl- 
mens  tamKpati  fna  graraii  tfll  fOiimik- 
ningii—req).  ikeppningOTrUn.  CDm  tmi»- 
poit  of  ore  from  toe  minfl  to  tbo  oooBimer 
or  ahteptaig  port.)  Stco>Biik  KftrieD  tid 
Sren  SLampL — Jtnikmim^  Amtk^  Stock- 
holm, VoLlSS,  No.  10,  1948,  «;».  S16-66, 
iUus.,  maps,  diagn.,  tabs.    'KxA.    (BngUsh 


NON-MSTALUC  MlNBBAIil. 


.) 

.TUNNBLLING.-lfodem  taBodUDgmetfaods. 
0.  P.  Onindy.->^.  Lmi$  Vmm.  Mim.  aoe,, 
Leeds,  VoL  SS,  1943,  pp.  35-46,  Ohis. 
SB.  «d. 

TUNNBLLINO— VICTORIA.— TaniMl  oon- 
stmctJon  at  Moont  little  Joe;  drlvii^ 
6,200  ft.  toime^ll  ft.  by  11  ft.  6  in^ 
Cnttn,  £fMi^y.  Mti^  Jln^.,  JUfl).,  vol.  •  40, 
8q>t.  IMS,  pp.. 448-4,  IHob.    la. 

U.S.A.— Oebii^ibobenBchaiic  DmokabsaQt- 
rang  and  MechaniBienuig  mi  deutBofaea  and 
im  amerikaniacben  Beigbacu  Geoig 
Spaekeler.— <7teeftai^,  BBsen,  VoL  84,  Nor. 
M  1»«8,  pp.  796-807.    4  DM. 

VBNTILATION  —  FANS.  —  AiudUanr  fan 
chaiacterlatioB.— Umv.  Dwk,  Kkt0\t  CcU. 
Min.  Smb.,  DotIu,  VoL  8,  No.  4^  Nor.  1948, 
(Ser.  Vent.  No.  1)  7  p.,  taba. 

VBNTILATION— flUBVBTB.— "Hie  analysiB 
and  Intetpretation  at  Tentllation  airreT 
reanltB.  F.  B.  Ehmkj.—Unip,  Dwh.  Kimft 
CofL  Jfin.  8qc.  J.,  Diu^  Joty  1948,  pp. 
44-9,  diagr.,  blblio.    6a. 

MIN<m  METALS. 

ANTIMONY  —  VICTORIA  —  PTRBTB 
CRBBK.  —  Cobnadai  antimonT  mine. 
J.  P.  L.  CennT.— Jfia.  QtoH,  /.,  Melb., 
VoL  8,  Sept.  1948,  pp.  87-9.    la. 

ANTIMONY  —  VICTORIA  —  SOUTH 
COSTBBFIBLD.— Tbe  Sooth  Coetexfleld 
Antimony  Company.  D.  B.  Thomas. — JVin. 
QttA.  J.,  Me&>.,^oL  3,  Sept.  1948,  pp.  8S-S, 
diagr.    Is. 

BARIUM  —  BARITB8  —  ARKANSAS.  — 
Barite  depceiti  in  the  Oaachita  moontaina, 
Montgomeiy,  Polk  and  Pike  connties.  Ark. 
Thomas  A.  Jones. —  VA.  Bur.  Min.  Rep. 
Ino*$i.  4848,  WMh.,  D.a,  Sept.  1948, 16  p., 
maps,  diagrs. 

MOLYBDENUM— VICTOBIA—BVBRTON. 
— The  Everton  molybdenite  mihe,  Bverton. 
J.  P.  L.  Cenny.— Jftfn.  Oeoi.  /.,  Melb., 
VoL  8,  Sept.  1948,  pp.  44-6,'  tabs.,  diagr. 
Is. 

BARB  BLBMBNTS— COAL.— The  oocor- 
renoe  of  Tanadimn,  ohromiam,  uid  other 
unusual  elements  in  certain  eoala.  F.  M. 
Reynolds. — J.  Soe.  Chem.  /ncL,  Lond., 
VoL  67,  Sept.  1948,  pp.  841-6,  taba,  biblio. 
4s. 

TANTALUM.— Tantahnn  an!  vaaadiam  ores ; 
their  growing  impovtanoe  in  metaOozgy. 
J.  W.  Fidoe.— Coff^.  Air  Bydr.  Bngng.^ 
Lend.,  VoL  18,  Nov.  1948,  pp.  126-7.     Is. 

TUNOSTBN  —  WOLFRAM  —  VICTORIA- 
MOUNT  MURPHY.  —  Mount'  Murphy 
wolfram  mine.  J.  P.  L.  Kenny. — Mik, 
Oeoi.  /.,  Melb.,  VoL  8,  Sept.  1948,  pp.  47-9, 
map,  tabs.    Is. 

VAN  ADIUM.— Tantahun  and  ▼anadJnm  ores ; 
their  growing  importance  in  metaUnzgy. 
J.  W.  Fidoe. — Compr.  Air  Hpdr,  Xi^ng.^ 
Lond.,  VoL  13,  Nor.  1948,  pp.  U6-7.    U. 


ABB] 
ia  Onebeo.    B.  R.  Bios.— 0«khL  Jf  in.  J, 
Oa^entrato,    P.Q^    VoL    «9,    Oct.    1948, 
pp.  148-61,  itol,  map^  dii^t.,  Howaliset* 
81.  

BBNT0N1TB  —  AUSTRALIA.  —  Bentooite 
in  AiMtfatfa  Chariss  Ijnoh.— Jf te.  Mmg^ 
Tond.,  Yd.  79,  Nor.  1948,  pp.  280-1. 
ls.6d. 

CLAYS  —  CHBMIOAL  TBCHNOLOQY. — 
Methods  tned  in  eraloatiBg  adscnbeni 
days.— C7.A.  Mvr.  Mim.  Ittform.  Ore.  7476, 
Wash.,  D.O.,  Sept.  1948,  29  p.,  diagn. 

CLAYS  —  KAOLIN  —  OT.  BBTEAIN.  — 
The  oUna  claiF  indoatiy;  fiactoa  fai  tha 
ooostmctlon  of  a  loog-tenn  policy.  J.  H. 
Beskine  —Mime  ^  Qmmi  Bt^m^  Xiond., 
VoL  14,  Deo.  1948,  pp.  861-7,  iOn.,  talia., 
biblio.    ls.6d. 

UMBSTONB.— Tbt  desfgn  and  operatian  of 
%  modem  Umesteoe  <raany.  D.  J.  Isaac — 
Qfurrif  Mn$r».  J.,  Londu,  VoL  82,  Not. 
^»4«,  pp.  241^  illDa.,  diagrs.,  taba. 
ls.6d. 

LIMB8T0NB  —  FIFBSHIRB.  —  Mtadng 
and  preparation  of  limestone;  operMtJoos 
at  Outa  lime  Works,  Fifeshire.— /nm  Cool 
Tr.  Am.,  Lond.,  VoL  167,  Nor.  19  1948, 
pp.  lll»-«,  diagn.    9d. 

MAONBSITB  —  BRAZIL  —  GBARA.  —  O 
pzoblema  da  exportacao  da  magacsita 
Cearense — Muterae.  MetaL^  Rio  de  Jansko, 
VoL  18,  Jnly-AugiMt  1948,  pp.  87-«2, 
Olna.,  tab.    Cr  ^]00. 


MICA  —  INDIA  —  RAJPUTAN  A.  - 
tioas  ft>r  miea  mining  la  Bi^patana. 
K.  C.  O.  Heath.— fran*.  Mim.  OetL  /aH. 
IfMa,  Calcutta,  VoL  48,  Sept.  1947, 
pp.  26-37,  diagfs.    Bs.  to. 

QUBBBC.— NoD-metalio  minerai  dspoiMi 
of  the  PTOTiDoe  of  Qairt>eo.  P.  B.  Boaixet. 
— Caaad.  Mim.  J.,  QardenTale,  P.Q., 
VoL  69,  Oct.  1948,  pp.  16S-70,  ilfan.,  dk^re. 
•1. 

SANDS  —  FOUNDBY  SANDS.  —  Aieias 
para  fu^di^ao.  Bobeito  Borges  Tndano. — 
AtmUo  Lak,  Prod.  Mim.  6,  Bto  de  Janeiro, 
1948,  19  p.,  taba.,  dli«^,  biblio. 

SOUTH  AUSTRALIA.  —  Non-metalUo 
y»^ip<>rftia  of  Soutii-  AjostraUa ;  formatiom, 
properties,  ralues  and  usesf  Pt.  8  (ooa- 
duded).  L.  Keith  Ward.— CA«m.  En^mg. 
Mim.  Re9.y  Meb.,  VoL  40,  June  1948, 
I^.  816-22,  mapa.    Is. 

SULPHATBS  —  ARQBNTINB  —  MEN- 
DOZA. — Contribucion  al  oonodmiento  de 
los  onerpos  salinos  de  la  ArgentlDa: 
1. — Solfateras  del  departaiento  general 
LavaUe  (Mendosa).  I.  B.  CordinL— BoL 
Direcc.  Mim.  Arfod.  66,  Bs.  Aires,  1948, 
66  p.i  ilhis.,  map,  diagrs.,  tabs.,  biblio. 

WALB8  (SOUTH).— Occurrence  of  some 
uncommon  minerals  in  the  Sooth  Watea 
ooalfldd.  A.  Nelson. — Iron  Coal  TV.  Rev., 
Lend.,  VoL  167,  Sept.  17  1948,  pp.  607-610, 
iAos.,  biblio.    9d. 

PRECIOUS  STPNES. 

DIAMONDS.— The  diamond  indnstiy  in 
1947 ;  abstract  of  28rd  amraal  rerlew  in 
Jeweler's  Circular-Keystooe.  Sidney  H. 
BalL— Ifte.  /.,  Lond.,  VoL  231,  1948 
Oct.  80,  pp.  796-7 ;  Nor.  6,  pp.  814-6 
Nov.  13,  pp.  8.19-40 ;  Nov,  20,  pp.  867-8 
Dec.  4  (amebided)y  p.  906.    8d.  each. 


iMtltvtfQii  mm  a  body  is  not  reoponoible  for  die  statements  made  or  ophiionti 

eApiesseJ  in  any  of  Its  publications. 

Subject  to  revision.]       [A  Paper  issued  on  14th  January,  1949,  to 
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Mining  and  Milling  Antimony  Ore  at  Consolidated 
Murchison  GoldlBelds,  Transvaal* 

By  Ralph  SymonbI,  a.r.s.m.,  b.sc.  (Eng.)  (London),  Member 

INTRODUCTION 

The  property  of  the  Consolidated  Murchison  (Transvaal)  Goldfields 
and  Development  Co.,  Ltd.,  comprising  2,745  gold  and  base  metal 
claims,  is  situated  in  the  Letaba  district  of  the  north-easteni 
Transvaal.  The  Monarch  Cinnabar  mine,  which  was  described 
in  a  recent  paper, J  divides  the  company's  area,  but  only  the 
ground  to  the  west  of  that  min(^  is  at  pr^^Soiit  being  actively 
exploited. 

The  claims  are  located  along  the  *  Antimony  Line  '  of  the 
Murchison  Range.  This  line,  which  follows  a  general  direction  of 
X  65^E.,  is  so  called  because  it  marks  a  line  of  mineralization  in  the 
rocks  of  the  Swaziland  System  which  outcrop  in  this  area  :  the 
length  of  the  company's  property  alcuig  the  Antimony  Line  is  just 
luider  13  miles. 

The  approximate  latitude  and  longitude  of  the  Weigel  shaft, 
round  which  are  grouped  the  mill,  offices,  and  workshops,  is 
28'54'S.  and  30'^4rE.  There  is  a  railway  .siding  at  Gravelotte, 
on  the  Hne  from  Pietersburg  to  Lourenco  Marques,  where  all 
supplies  are  offloaded  and  concentrate  despatched.  Gravelotte  is 
^  miles  distant  from  tlie  mine  on  a  gravel  road.  The  head  office 
of  the  company  is  in  Johannesburg,  which  is  320  miles  from  the 
mine  by  the  shortest  route  (Fig.  1). 

The  altitude  of  the  ground  on  the  company's  claims  ranges  from 
about  1,500  to  2,400  ft.  above  sea  level  and  the  climate  is  sub- 
tropical, shade  temperatures  of  over  100°F.  being  not  uncommon 
in  summer  and  light  ground  frosts  being  sometimes  experienced 
during  the  winter  months,  which  are  generally  dry.     Rainfall  is 

•Paper  received  on  14th  October,  1948. 

tManager,  Cgnsolidatod  Miirchi«on  (Tvl.)  (ioMticMs  and  Dovf*lopment 
Co.;  Ltd. 

{Wilson,  N.  W.     Geology  of  the  Moimr<?h  Ciniiabar  mino,  Transvaal,. 
South  Africa.     Trans.  Instn.  Min.  MetaU.,  Vol.  54,  1944-45,  pp.  16^-200. 
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spasmodic  and  uncertain,  a  large  portion  of  the  average  annual 
fall  of  17  in.  often  occurring  within  a  few  hours.  Thin  bush 
vegetation  covers  the  area,  with  sufficient  grass  to  support  the 
grazing  of  cattle  ort  the  numerous  ranches  which  surround  the 
mine.  Local  timbe^  is  useless  for  anything  but  fuel  and  the 
roughest  forms  of  underground  suppol-t.  All  timber  used  on  the 
mine  for  mining  purposes  is  purchased  from  a  large  timber  company 
operating  in  the  forests  of  the  escarpment  rainbelt  at  Duivelskloof , 
60  miles  west  of  the  mine.  Squared  timber  for  constructional 
purposes  is  bought  in  Johaimesburg. 

TOPOGRAPHY 

Because  of  their  greater  hardness,  the  quartzite  beds  of  the 
Murchison  schists  form  the  major  topographical  feature  of  the 
district,  which  is  otherwise  flat  or  gently  undulating.  From  end 
to  end  of  the  property  stretches  a  remarkably  straight  ridge  (the 
Antimony  Range)  which  has  been  worn  by  erosion  to  serrated  hills 
called,  from  west  to  east,  Gravelotte  hill.  United  Jack  kop.  Maid 
of  Athens  kop,  and  the  Free  State  koppies  (Fig.  2). 

There  are  actually  two  parallel  horizons  of  quartzitic  rocks,  the 
more  northerly  being  termed  the  Chloritoid  Bar  and  the  southerly 
the  Antimony  Bar.  The  major  lino  of  antimony  and  gold 
mineralization  lies  parallel  to  and  south  of  the  Antimony  Bar 
and  all  the  mine  workings  outcrop  on  the  southern  slopes  of  the 
liills  formed  by  it. 

Water  is  a  major  problem  in  this  field.  Only  one  stream,  the 
Malati,  crosses  the  company's  ground  and  it  is  dry  except  after 
TAin.  Shallow  boreholes  in  selected  spots  sometimes  yield  small 
How8  and  at  the  deeper  shafts  towards  the  eastern  end  of  the  mine 
«nough  water  is  pumped  to  provide  feed  for  rockdrills.  About 
70,000  gal. /day  is  pumped  from  the  Weigel  shaft  and  is  used  for 
milling.  Underground  water  is  too  hard  for  domestic  purposes  or 
for  boilers,  and  the  company  obtains  its  main  supply  from  its  own 
pumping  station  on  the  Letaba  River,  14-3  miles  distant. 

HISTORY 

The  Murchison  Range  has  had  a  long,  if  chequered,  career  as  a 
mining  field.  Since  gold  was  discovered  in  1870  an  enormous 
amount  of  prospecting  work  has  been  done.  All  the  mines  opened 
up  have  been  small  and  the  yearly  output  of  gold  has  never  been 
large.  The  increase  in  the  price  of  gold  in  the  'thirties  greatly 
stimulated  activity  and  in  1937  the  total  output  was  nearly  8,000  oz., 
a  figure  which  has  been  greatly  exceeded  since. 

Probably  owing  to  uncertain  markets  the  production  of  antimony 
^3  been  erratic,  although  it  rose  sharply  during  the  1914-1918 
war  and  the  records  show  sales  of  722  tons  in  1916.  Only  since 
^•he  cassation  of  hostilities  after  the  recent  war  has  it  been  possible 
to  obtain  reasonably  secure  terms  for  the  sale  of  antimony  ore  and 
^ncentrates. 
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Other  nunerals  which  have  been  mined  in  the  district  include 
ores  of  mercury  and  copper,  emerald,  beryl,  corundum,  and 
vermiculite. 

The  Consolidated  Murchison  Company  was  formed  in  1934  and 
acquired  the  properties  of  several  small,  but  locally  celebrated, 
producers.  These  included  the  Weigel,  Ruby,  Monarch,  United 
Jack,  and  Free  State  mines.  Work  was  at  first  mostly  confined  to 
The  Weigel  section  and  it  was  here  that  the  present  mill  and  offices 
were  erected.  As  time  went  on,  however,  the  scope  of  operations 
enlarged  and  the  tonnage  mined  increased  until  all  the  mines 
already  mentioned,  except  the  Ruby,  were  contributing  to  the 
j>roduction. 

At  first  the  company  was  interested  in  the  production  of  gold 
'inly,  and  antimony  was  allowed  to  go  to  the  waste  dump.  The 
tinner  market  and  higher  price  for  antimony  gradually  changed 
the  policy  of  the  company,  until,  at  present,  it  is  true  to  say  that 
the  aim  in  prospecting  and  development  work  is  to  bring  to  produc- 
tion as  much  antimonial  ore  as  possible.  Gold  is  still  produced, 
l»ut  the  value  of  the  output  is  only  a  fraction  of  the  value  of  the 
antimony  output,  Thus  to-day  the  mine  may  be  described  as  a 
base-metal  producer,  with  gold  as  a  by-product.  It  is  the  only 
mine  producing  antimony  in  the  Union  of  South  Africa. 

(lEOLOGY 

The  most  recent  standard  work  on  the  district  is  Memoir  No.  3G 
of  the  Geological  Survey  of  the  Union  of  South  Africa,*  and  the 
writer  acknowledges  this  source  as  the  basis  for  much  of  the 
information  given  under  this  heading. 

The  rocks  underlying  the  company's  claims  all  belong  to  the 
Swaziland  System.  A  high  degree  of  dynamic  and  contact 
tuetamorphisra  has  given  these  rocks  a  schistose  character  and 
caused  them  to  dip  steeply  towards  the  north  at'  an  angle  usually 
hetw(»en  80  and  90°,  the  strike  being  N  65°E.  Most  geological 
workers  agree  that  compression  has  caused  the  rocks  to  assume  a 
synclinal  structure  and  that  within  this  syncline  siliceous  beds — 
>neh  as,  quartzites  and  quartz  schists — have,  by  their  greater 
resistance  to  weathering,  given  rise  to  the  hills  of  the  Antimony 
Range.  If  this  structure  be  accepted,  it  is  probable  that  the 
Antimony  Bar  and  the  Chloritoid  Bar,  mentioned  before,  represent 
the  5>ame  horizon.  Between  the  two  bars,  and  therefore  strati- 
^(raphically  younger,  are  found  ancient  lavas,  which  have  been 
altered  to  schistose  hornblende-quartz-clinozoisite  rocks. 

South  of  the  Antimon}^  Bar  the  rocks  within  the  company's  area 
are  highly-altered  sedimentary  beds  consisting  of  chlorite  schists, 
«-arbonate  schists,  quartzite,  quartz  schists,  and  phyllites.  The 
usual  succession  south  from  the  Antimony  Bar  in  most  of  the 
company's  mines  is  a  belt  of  chlorite  schist  averaging  about  800  ft. 

♦van  Eeden,  O.  R.,  Partridge,  F.  C,  Kent,  L.  E.,  and  Brandt,  J.  W. 
The  mineral  deposits  of  the  Miirchison  Range  east  of  Loydsdorp.     1939. 
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thick,  followed  by  carbonate  schists,  which  may  be  anything  up  to 
600  ft.  in  thickness,  and  by  *  talc  '  schist.  The  rocks  change 
more  or  less  gradually  from  one  type  to  the  next  and  there  are 
no  sharp  contacts.  The  chlorite  schist  (called  *  north  schist  *  on 
the  mine  for  simplicity  and  because  of  its  position  in  relation  to  the 
lode)  is  dark-green,  weathering  to  brown  on  the  surface. 

Practically  all  the  Murchison  rocks  contain  carbonate,  so  that  the 
carbonate  schist  zone  merely  denotes  rocks  which  are  exceptionally 
rich  in  carbonates.  N.  W.  Wilson*  gives  his  opinion  that  these  beds 
were  originally  impure  magnesian  limestones  with  arenaceous  and 
argillaceous  intercalations  ;  this  view  is  shared  by  the  company's 
present  geologists.  The  mine  name  for  this  zone,  which  contains 
the  antimo;iy-gold  orebodies,  is  the  *  dolomitic  *  or  *  dolomitized 
schist  *  zone.  Schistosity  is  usually  weak  in  this  zone  and  is  some- 
limes  entirely  absent.  The  carbonates  are  ankeritic,  with  the 
result  that  a  fresh  exposure,  greyish-white  in  colour,  oxidizes  to  a 
light  brown. 

On  the  south  side  of  the  carbonated  zone  the  rock  grades, 
sometimes  comparatively  sharply,  to  a  *  talc*-schist ' — a  name 
given  to  denote  its  soft  and  soapy  nature.  It  is,  however,  probably 
a  chlorite  schist,  which  has  been  subjected  to  more  than  usually 
intense  dynamic  metamorphism.  This  '  south  schist  '  is  paler  in 
colour  than  the  north  schist  and  does  not  darken  appreciably  in 
weathering.  The  weakness  of  these  rocks  gives  rise  to  difficulties 
in  mining. 

Banded  ironstones  are  also  found  on  the  company's  property 
and  have  been  worked  in  two  mines  for  their  gold  content — viz.,  at 
(Iravelotte  and  at  the  Banded  Ironstone  shaft,  where  they  lie 
north  of  the  antimony  lode.  They  are  banded  rocks  consisting 
of  alternate  layers  of  gre\'  chert  and  magnetic  quartzite.  They  are 
considered  by  geologists  to  be  of  sedimentary  origin. 

The  Murchison  schist  belt  is  surrounded  by  Old  Granite,  which 
is  commonly  a  medium-grained  grey  biotite-granite.  This  granite 
has  so  far  been  found  only  in  two  places  on  the  mine — viz.,  at  the 
Weigel  shaft,  where  a  small  aplite  body  occurs,  and  at  Gravelotte 
mine,  where  there  is  a  vein  of  sheared  granite. 

Dykes  are  fairly  common  on  the  property.  Two  types  are 
distinguishable — viz.,  a  pre-Karroo  diabase,  found  at  Gravelotte 
mine,  and  a  dolerite  of  Karroo  age,  which  is  found  at  the  Weigel 
and  Jack  shafts  and  in  other  places  on  the  surface.  These  intrusions 
have  not  affected  the  mineralization,  but  they  are  a  nuisance  in 
mining,  since  they  cut  off  and  displace  the  reefs. 

N.  W\  W^ilsont  has  given  an  admirable  account  of  the  drag- 
folding  and  faulting  at  Monarch  Cinnabar  :  similar  conditions 
exist  at  Consolidated  Murchisdn.  Subsequent  to  the  formation 
of  the  synchne,  compressive  forces  acting  upon  the  weaker  rocks 

*loc.  cit. 
floe.  cit. 
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against  the  resistance  of  the  stronger  quartzite  bars  caused  pro- 
noanced  folding,  shearing,  and  strike-slip  faulting.  The  fractuns 
set  up  by  these  movements  provided  iqeans  of  access  for  the 
mineralizing  solutions  which  deposited  tlie  prebodies  iq  the  nhi^ar 
zones. 

In  mining  the  practical  effect  of  this  structure  is  that  wIr^ii  a 
drag-fold  is  being  approached  in  horizontal  development,  as  is 
evidenced  by  an  apparent  change  in  the  strike  of  the  schistosity 
and  thti  presence  of  numerous  shear  planes^  and  joints,  an  improve- 
ment in  the  mineralization  can  be  expected.  Siiniilarly,  a  flattening 
of  dip  usually  coincides  with  an  unusually  rich  patch  of  ore. .  The 
presence  of  strike  faults,  some  of  which  occur  in  close  proximity  to 
the  reef,  usually  on  the  south  side,  give  rise  to  problems  of  support . 

The  lines  of  mineralization  are  parallel  to  the  schistosity  of  th<^ 
rocks.  The  reefs  being  worked  at  Consolidated  Murchison  are  all 
in  liuw  of  mineralization  which  are  in  rocks  south  of,  and  therefort* 
•itratit^raphically  older  than,  the  Antimony  Bar  on  the  southern 
limb  of  the  S3'ncline.     There  are  three  types  of  mineralization  : 

(1)  Consisting:  of  a  zone  of  rocks  fractured  and  mineralized  with 
quartz  and  sulphides.  Reefs  of  this  type  were  worked  for  gold  for 
inanv  vears  at  the  Banded  Ironstone  mine  and  the  Gravelotte  minr. 
No  antimony  is  present  in  these  ores,  the  principal  sulphides  beiiii^ 
pyrrhotite,  pyrite,  and  arsenopyrite. 

(2)  The  Antimony  type,  in  which  the  principal  sulphide  is  stihnit  f. 
Alth()Uf(h  the  line  of  mineralization  is  continuous  the  payabl»' 
reefs  are  lenticular  in  character,  with  poorly-defined  walls.  They 
consist  of  coarsely-crystalline  ankeritic  carbonate  in  a  highly 
silicified  zone.  The  stibnite  may  be  finely  disseminated,  and  this 
is  usually  the  case  where  the  rock  has  retained  its  schistosity 
«^g.,  at  the  Jack  West  shaft — or  it  may  occur  massive  when  the  rock 
has  the  appearance  of  being  composed  of  sohd  sulphide — e.g..  a  I 
the  Monarch — or  it  may  occur  as  sporadic  blobs  in  the  dolomitizcd 
schist— e.g.,  in  the  bottom  levels  of  the  Weigel  shaft — or,  finally, 
as  coarselv-crystalline  masses  on  the  sides  of  cross  fractures,  as  at 
tho  Free  State  mine.  Occasionally,  stibnite  occurs  in  acicular 
fonn  on  fault  planes.  As  a  general  rule  the  higher  the  grad*-  of 
antimony  in  the  reef  the  more  gold  it  contains,  but  this  is  imt 
universally  true,  the  (iravelotte  mine,  for  example,  running  low  in 
g<^Id  values,  even  in  places  where  antimony  assays  show  over 
-^0  per  cent  Sb.  The  antimony  mineralization  is  not  confined  to  a 
single  line.  At  the  (iravelotte,  Jack  West  and  United  Jack  mines 
there  is  a  subsidiary  line  about  90  ft.  north  of  the  main  strike 
while  at  the  Monarch  there  are  two  lines  aliout  30  ft.  apart,  finked 
in  one  place  by  an  oblique  fault,  and  a  third,  pipe-like,  body  about 
200  ft.  to  the  south.  All  these  occurn»nces  are  being  actively 
t^xploited. 

(3)  Quartz  reefs  containing  sulphides  and  gold.  These  reefs  are 
wi  close  proximity  to  or  actually  adjoining  the  antimony  reef.  At 
the  Weigel  shaft,  the  quartz  reef  is  just  north  of  the  antimony  retjf. 
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but  in  several  stopes  has  been  mined  together  with  it.  At  the 
United  Jack  and  EVee  State  it  is  also  on  the  north  side  of  the  main 
antimony  Une,  but  at  the  Monarch  it  is  about  40  ft.  south  of  the 
antimony  reef.  The  quartz  reef  is  very  patchy  in  size  and  value  ; 
it  frequently  contains  visible  coarse  gold.  The  usual  sulphides  are 
pyrite  and  arsenopyrite  with  a  little  chalcopyrite  and  pyrrhotite. 

A  point  mentioned  by  van  Eeden*  is  that  all  the  payable 
antimony  orebodies  opened  up  so  far  are  in  the  vicinity  of  pro- 
minent hills.  The  explanation  given  by  him  that  the  mineralization 
was  accompanied  by  a  more  intense  silicification  of  the  rocks  seems 
reasonable. 

Stibnite  is  found  in  surface  exposures,  but  down  to  a  depth  of 
about  100  ft.  is  always  accompanied  by  oxidized  minerals,  such  as 
stibiconite.  Since  these  minerals  cause  difficulties  in  the  extraction 
process,  assays  for  total  antimony  and  antimony  sulphide  are 
necessary  when  determining  the  value  of  an  orebody  near  the 
surface. 

Although  the  orebodies  are  lenticular  in  character,  they  are 
remarkably  persistent  in  depth.  Those  towards  the  eastern 
end  of  the  mine  generally  pitch  east  and  those  at  the  western  end 
pitch  west,  although  it  appears  there  may  be  one  or  two  exceptions 
to  this  rule. 

The  following  metallic  minerals  have  been  identified  at  Con- 
solidated Murchison  :  gold,  silver,  stibnite,  chalcostibite,  berthierite, 
tetrahedrite,  corynite,  stibiconite,  kermesite,  valentinite,  arseno- 
pyrite, gersdorffite,  lollingite,  chalcopyrite,  covellite,  chalcocite, 
pyrite,  pyrrhotite,  rutile,  and  ilmenite.  Pieces  of  native  antimony 
have  been  recovered  from  the  jigs  when  milling  ore  from  the , 
vicinity  of  dykes  ;  no  authentic  instance  is  recorded  of  native 
antimony  having  been  seen  in  situ.  Cinnabar  has  been  found  on 
the  north  side  of  Monarch  kop,  in  line  with  the  outcrop  on  the 
claims  of  Monarch  Cinnabar  mine. 

PROSPECTING 

Prospecting  work  is  in  the  charge  of  a  geologist,  who  has  the 
assistance  of  a  team  of  diamond-drillers. 

In  earlier  days  all  prospecting  was  devoted  to  the  search  for 
payable  auriferous  deposits,  but  since  the  most  persistent  values 
were  often  found  on  the  Antimony  Line  many  of  the  antimonial 
orebodies  were  opened  up  and  mined  for  gold.  It  was  generally 
assumed  that  orebodies  would  outcrop  and  prospecting  work  was 
confined  to  cross-strike  trenches,  followed  by  winzing  at  favourable 
spots.  More  recent  experience  has  tended  to  show  that  surface 
indications  are  not  an  infallible  guide  to  the  presence  of  ore  at 
depth.  Several  promising  outcrops  have  failed  to  persist  even  to 
shallow  depths,  while  two  large  orebodies  discovered  by  exploration 
at  depth  pinch  to  very  meagre  outcrops  at  surface.  The  failure  to 
recognize   this   tendency,   together,   probably,   with   the   lack   of 

*loc.  cit. 
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facilities  for  other  methods  of  prospecting,  was  responsible  for 
the  great  waste  of  money  in  unfruitful  work  in  the  early  days. 

At  present  prospecting  is  done  mostly  by  diamond  drilling. 
There  are  two  surface  drills,  both  Consolidated  Pneumatic  type 
CP15  with  mechanical  feed  and  driven  by  petrol  engines.  The 
t^wo  underground  drills  are  a  Sullivan  6  and  a  Sullivan  12  driven 
by  compressed  air.  Surface  and  underground  holes  are  drilled 
with  B  crowns  Iff  in.  in  diameter.  Crowns  are  either  handset  or 
castset,  the  setting  being  done  in  Johannesburg.  The  castset  bit 
pjives  cheaper  drilling  in  this  class  of  ground,  the  average  cost  over 
a  number  of  months  being  8s.  8d.  per  ft. 

The  surface  drills  are  engaged  in  a  systematic  programme  of 

drilling  of  the  entire  Antimony  Line  lying  within  the  company's 

l>oundaries.     This  will  take  many  years  to  complete,  since  none 

of  the  lenses  so  far  exposed  has  a  strike  greater  than  600  ft. 

Consequently,  holes  are  placed  about  200  ft.  apart  in  the  first 

instance  and  are  inclined  so  as  to  intersect  the  reef  at  about  200  ft. 

vertical  depth.     The  most  likely  areas — i.e.,  those  in  the  vicinity 

of  strong  orebodies  which  have  already  been  proved  and  those 

placed  to  explore  at  depth  old  gold  workings  now  inaccessible — 

are  being  examined  first. 

In  the  first  hole  drilled  in  a  new  locality  cores  ^are  taken  for  the 

complete  hole,  but  to  promote  speed  cores  are  taken  in  subsequent 

holes  only  at  likely  horizons,  as  shown  by  an  examination  of  the 

'•ore  of  the  first  hole.     Drilling  advance  is  fairly  rapid,  averaging 

1 4  ft.  3  in.  per  shift.     Care  is  necessary  for  satisfactory  core  recovery 

when  the  drill  is  approaching  the  orebody,  owing  to  the  sheared 

nature  of  the  rocks,  but  in  the  orebody  itself  the  high  degree  of 

>ilicification  renders  a  good   core  recovery  usually   possible.     A 

recovery  of  91  per  cent  core  has  been  maintained  since  drilling 

l^egan.    Recovery  of  water  is  usually  very  poor,  and,  in  spite  of 

precautions  to  minimize  the  loss,  the  supply  of  sufficient  water  to 

keep  the  drills  going  at  full  capacity  is  often  difficult. 

Owing  to  the  sporadic  distribution  of  mineralization  no  groat 
leliance  is  placed  upon  assays  from  individual  holes.  If  signs  of 
antimony  or  gold,  or  both,  are  showing  in  a  core,  a  second  hole  is 
'Irilled  to  intersect  at  400  ft.  depth  and  additional  holes  are  directed 
to  intersect  the  orebody  at  shorter  intervals  on  strike. 

Underground  holes  are  drilled  to  test  for  parallel  orebodies,  for 
♦xt^nsions  both  laterally  and  in  depth  of  the  antimony  orebody 
from  old  gold  workings,  and  for  portions  of  the  reef  cut  off  by 
faults  or  dvkes. 

MINING 

The  mining  department  is  under  the  control  of  a  mine  captain, 
listed  by  five  shift  bosses.  Between  11,000  and  12,000  tons  of 
<»re  are  broken  in  the  mine  monthly  and  delivered  to  the  mill. 

There  are  at  present  six  separate  mines  being  worked.  Thoy 
are,  from   west   to  east,   Gravelotte,   Jack   West,   United   Jack, 
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Weigel,  Free  State,  and  Monarch.  Gravelotte  is  6  miles  from  the 
central  mill  and  Monarch  2J.  All  the  mines  are  equipped  with 
vertical  shafts  except  Gravelotte,  where  only  prospecting  work 
from  adits  is  in  progress. 

(1)  Hoisting 

Owing  to  the  comparatively  small  tonnage  developed  on  each 
level  no  underground  ore  bins  are  cut  and  ore  is  brought  to  surface 
in  one-ton  soHd  cars  by  means  of  cages. 

The  oldest  and  deepest  mine  is  the  Weigel,  where  the  bottom 
level  is  1,380  ft.  below  the  collar.  The  4ouble-compartment 
circular  shaft,  which  is  13  ft.  in  diameter,  goes  as  far  as  the  9th  level 
(946  ft.  below  collar).  The  shaft  is  untimbered,  the  cages  each 
having  four  rope  guides,  and  is  served  by  a  twin-engine  geared 
double-drum  Robey  steam  hoist.  Access  to  the  mine  below  the 
9th  level  is  via  a  sub-inchne  shaft. 

At  the  Monarch  mine  the  shaft  is  rectangular  (11  ft.  by  7  ft.)  and 
is  at  present  being  sunk  from  the  7th  to  the  8th  level,  which  will  be 
8*25  ft.  below  the  collar.  The  shaft  is  timbered  and  divided  into 
two  compartments,  one  of  which  is  used  as  a  ladderway  and  the 
other,  which  has  timber  guides,  for  hoisting.  The  hoist  is  a  130-h.p. 
single-drum  Holman  E.U.  type,  electric  drive.  At  the  Monarch, 
as  at  all  the  outside  shafts,  the  cars  are  handtrammed  to  tipplers 
over  timber  ore  bins,  which  have  fadial  doors  for  discharghig  into 
tipper  lorries  to  convey  the  ore  to  the  central  bin,  near  the  Weigel 
shaft. 

At  the  United  Jack  mine  the  shaft  is  down  to  No.  9  level,  922  ft. 
Ix'low  collar.  It  is  circular,  8  ft.  in  diameter,  the  cage  running 
in  rope  guides  against  a  balance  weight  of  4,300  lb.  running  in 
rail  guides.  The  hoist  is  a  76-h.p.  double-drum  Holman  with 
electric  drive. 

The  shaft  at  the  Jack  West  is  7  ft.  by  7  ft.,  and  is  down  to  the 
2iid  level,  190  ft.  below  collar.  Here  the  hoist  is  a  40-h.p.  single- 
drum,  electrically  driven. 

The  Free  State  shaft  is  7  ft.  by  7  ft.  and  is  also  down  to  the 
2nd  level,  190  ft.  below  collar.  A  small  Funkey  hoist,  coupled 
through  a  gear-box  to  a  IMercury  petrol  engine,  serves  this  shaft. 

Neither  of  the  last  two  shafts  mentioned  is  equipped  for  hoisting 
men.  Side- tipping  bodies  are  lifted  direct  off  their  chassis  by 
bridle  chains  and  hooks  and  hoisted  to  surface,  where  they  an* 
lowered  on  to  similar  chassis  run  over  the  shaft  on  trap  doors. 
Trap  doors  are  also  used  on  intermediate  levels. 

(2)  Method  of  Minimi 

The  method  of  mining  is  full  shrinkage,  flat  back.  This  method 
has  the  great  advantage  of  cheapness,  with  good  control  of  the 
working  face.  No  support  is  required  in  the  stopes,  even  when  the 
width  is  45  ft.,  as  the  orebody  itself  is  well  silicified  and  normally 
strong.  Light  sprags  only  are  required  for  the  support  of  doubtful 
blocks  in  fractured  zones.  However,  the  walls  are  weak  and 
occasionally    give    trouble    when    drawing   a   stope.     One    major 
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sabsidence  due  to  this  cause  occulted  at  the  Monarch,  and  it  rnav 
be  that  in  some  sections  of  the  mine  a  modification  of  the  existing 
method  will  have  to  be  made  at  deeper  levels  to  overcome  this 
danger. 

The  method  has  the  disadvantage  common  to  all  shrinkage 
systems,  that  large  tonnages  of  broken  ore  are  locked  up  in  thr 
mine  for  considerable  periods,  but  in  a  mine  with  no  underground 
ore-bins  to  give  capacity  this  is  not  altogether  a  drawback. 

Most  of  the  shafts  are  sunk  in  the  foot-wall  of  the  lode — i.e.,  on 
the  south  side — and  the  normal  interval  between  levels  is  100  ft. 
On  the  upper  levels  the  method  of  development  is  to  cross-cut  to 
the  reef  horizon  and  then  to  run  drives  east  and  W(i8t  on  the  lode 
for  the  full  length  of  the  orebody.  Cross-cuts,  or,  latterly,  diamond- 
drill  holes,  are  put  out  from  the  drives  to  examine  for  values  in  tb<' 
walls.  By  this  means  the  boundaries  of  payability  are  defined. 
All  development  ends  are  7  ft.  high  by  6  ft.  wide. 

In  preparing  a  level  for  stoping  the  orebody  is  first  sliped  out  to 
its  full  width  and  the  broken  ore  removed.  Then  the*  roof  is  l)lasted 
down  to  give  a  height  of  13  ft.  above  track  level  all  over,  the  broken 
ore  bcfing  left  for  the  drillers  to  stand  on.  A  timber  gang  then 
follows  on  behind  the  rockbreakers  and,  after  the  removal  of  tln^ 
i>roken  ore,  sets  are  erected  in  the  drive.  The  sets  are  made  of 
10-in.  round  timber  and  consist  of  a  cap  and  two  logs,  the  cap> 
Uing  blocked  against  the  side  walls  :  the  spacing  between  set- 
varit'S  according  to  the  nature  of  the  walls,  but  is  nevi?r  more  than 
5  ft.  centres.  Then  4-in.  lagging  is  nailed  round  the  outside  of  tht' 
>etsand  the  space  between  the  sets  and  the  side  walls  filled  in  witli 
broken  ore  to  give  stability  to  the  timbers.  Slope  boxes  spaced 
lo  ft.  apart  and  facing  along  the  drive  are  constructed  of  9-in.  bv 
IJ-in.  planks,  with  U  irons  for  control  boards.  When  the  width  of 
the  orebody  exceeds  20  ft.  the  track  is  split  and  a  row  of  4-ft.  bv 
4-ft.  tlat  lagging  pigstyes  is  aligned  down  the  centre  of  the  drivr 
to  form  the  central  support  for  the  half  sets  erected  on  each  side. 
lk)xes  are  constructed  along  each  track  (Fig.  3). 

When  timbering  is  complete,  the  back  is  drilled  and  blasti'd 
lightly  on  to  the  timbers  to  form  a  cushion,  after  which  the  plaer 
i»  ready  for  normal  stoping.  Travelling  ways  are  provided  at  each 
end  of  the  stope  and  if  the  orebody  is  a  long  one  additional  cril^bed 
travelling  ways  are  taken  up  at  intervals  in  the  stope  ;  withdrawal 
of  shrinkage  does  not  disturb  these  travelling  ways  (Fig.  4,  Plate  I). 
A  pillar  1.5  ft.  thick  is  left  beneath  each  level.  These  pillars  an- 
partly  extracted  later  by  reclamation  work. 

The  weakness  of  the  side  walls  in  some  sections  of  the  mine 
causes  excessive  crushing  of  the  drive  timbers,  necessitating  heavy 
maintenance  work.  At  deeper  levels  a  modified  method  of  develop- 
ment has  been  introduced  to  overcome  this  difficulty. 

Foot- wall  haulages  are  turned  off  from  the  main  shaft  cross-cut 
and  run  parallel  with  the  orebody  and  25  ft.  horizontally  away 
from  it.    Short  cross-cuts  are  then  run  into  the  orebody  at  50-ft. 
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CtiCLISH    FEET 

FlO.  3. — Timbered  drives,  doubLe  track  sloping.  traiiBvorati  twction. 
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intervals,  from  each  of  which  two  55°  boxholes,  east  and  west, 
are  raised  up  to  the  orebody  to  give  a  vertical  height  of  25  ft.  The 
tope  of  the  boxholes  are  then  connected  to  form  the  stope  drive, 
after  which  stoping  proceeds  as  before. 

The  advantages  of  this  method  are  that  no  timbering,  apart  from 
the  boxholes,  is  required  and  that  the  haulage  is  secure  and  gives 
no  trouble.     Against  this  must  be  set  the  double  amoimt  of  develop- 
ment required.     In  point  of  time,  there  is  not  much  difference 
between  the  two  methods,  because  the  timbering  of  drives  and  the 
band-lashing  of  broken  ore  into  cars  in  the  older  method  was  a  slow 
process.    To  reduce  costs  of  development  per  ton  mined  a  wider 
spacing  between  levels  is  being  tried.     It  is  also  hoped  that  a 
much  smaller  tonnage  will  be  left  behind  in  pillars. 

In  a  mine  of  this  nature  speed  in  vertical  development  is  essential. 
Wmzing  has  been  found  to  be  more  rapid  than  raising ;  the  mine 
is  dry  and  the  rockdrill  water  usually  seeps  away  into  the  surround- 
ing country  or  is  absorbed  by  the  broken  rock,  so  that  no  pumping 
is  required.  In  raising,  the  constant  replacement  of  blasted  sprags 
wastes  much  time.  Consequently,  in  a  raise-winze  connection  not 
more  than  25  ft.  is  done  by  raising.  Winzes  are  pushed  down  to 
new  levels  as  soon  as  possible,  so  that  very  often  they  are  ahead 
of  the  foot- wall  haulages,  and  by  the  time  the  haulage  reaches  the 
connection,  a  considerable  amount  of  stope  driving  has  already  been 
completed.  Winzes  are  always  kept  vertical,  even  if  they  go 
outside  the  limits  of  the  orebody,  which  is  rarely  the  case.  They 
are  eventually  used  as  travelling  ways  into  the  stopes,  for  transport 
of  timber  and  drill  steel,  and  as  upcast  airways. 

In  order  to  comply  with  the  Mining  Regulations,  which  require  a 
second  outlet  for  every  mine,  one  winze  is  sunk  in  the  foot- wall 
from  each  haulage  to  the  one  on  the  level  beneatli.  These  are 
wjuipped  as  permanent  travelling  ways  which  remain  after  stoping 
incompleted. 
(3)  Breaking  Ground 

Wet  drilling  by  compressed-air  rockdrills  is  used  throughout  the 
mine,  which  is  non-scheduled — i.e.,  it  is  not  one  to  which  the 
l^hthisis  Regulations  are  applicable.  The  type  of  machine  in  use 
is  the  Holman  Silver  Bullet  jackhammer,  although  the  Silver  Dart, 
^hich  is  a  lighter  machine  using  less  air,  has  recently  been  tried 
^ith  success.  In  raises  and  boxholes  the  jackhammer  is  mounted 
^D  a  jack-leg  of  the  screw-feed  type,  otherwise  it  is  hand-held. 

Straight  carbon  J-in.  hexagon  hollow  drill  steel  is  used.  Blunt 
steels  are  brought  in  every  day  to  be  sharpened  at  the  central 
^•sharpening  shop.  Two  steels  are  used  for  drilling  a  stoping 
l^ole  8  ft.  6  in.  deep,  the  starter  being  If  in.  and  the  second  1^  in. 
^  dia.,  both  cruciform  ;  shanks  are  6J  in.  with  rubber  collar. 
Similar  steel  is  used  for  development. 

The  explosive  used  is  50  per  cent  dynamite,  although  40  per 
cent  dynamite  is  used  for  blasting  choked  boxes  and  for  popholes, 
^th  60  per  cent  geUgnite  for  primer  cartridges.     All  cartridges  are 
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"8  in.  long,  and  of  1  in.  dia.,  e?ccept  primers,  which  are  4  in.  long  by 
I  in.  dia.  Electric  blasting  is  carried  out  in  shaft-sinking  operations 
with  a  shotfiring  battery.  Paper  cartridges  filled  with  sandy  loam 
are  used  for  stemming. 

Blasting  takes  place  once  daily,  at  the  end  of  the  day  shift  at 
2.45  p.m.,  except  at  the  Monarch  and  the  United  Jack  mines, 
where  a  double  shift  is  run  and  the  blast  is  at  the  end  of  the  after- 
noon shift  at  12  midnight. 

Breaking  efficiencies  are  as  follows  : 

Sloping 

Footage  drilled  per  machine  shift 83 

Fathoms  broken  per  machine  shift    2*  16 

Fathoms  broken  per  case  of  explosives 6*  22 

Development 

Footage  drilled  per  machine  shift .' 66 

Feet  advanced  per  machine  shift  3*25 

Feet  advanced  per  case  of  explosives    6'21 

The  tonnage  broken  per  shift  per  underground  native  employed  is 
i-32. 

(4)  Lashing  and  Tramming 

No  lashing  natives  are  employed  in  stopes.  Pinch  bar  natives 
for  dressing  down  the  backs  and  sides  and  for  spalling  large  rocks 
do  all  the  handling  of  rock  required.  The  stopo  boxes  deliver 
direct  into  1-ton  cars  and  are  hand- trammed  to  the  shaft. 

In  development  work  no  mechanical  methods  are  used  and 
there  is  a  lashing  gang  consisting  of  two  natives. 

Tracks  throughout  the  mine  are  of  18-in.  gauge,  constructed  of 
20-lb.  rails  dog-spiked  to  wooden  sleepers  spaced  2  ft.  6  in.  apart. 
'  Extension  rails  ' — i.e.,  loose  rails  laid  on  their  sides  with  the  crown 
fitting  into  the  web  of  the  fixed  rails — are  used  for  conveying  the 
car  beyond  the  end  of  the  permanent  track  when  cleaning  develop- 
ment ends.  Steel  plates,  when  available,  are  used  as  shovelling 
Hoors. 

(5)  Ventilation 

Although  Consolidated  Murchison  is  a  non-scheduled  mine,  the 
Mines  Department  has  directed  that  many  Regulations  applicable 
to  scheduled  mines  must  be  observed.  For  example,  blasting 
may  take  place  onl}^  once  in  every  24  hours  and  water-blasts  must 
be  fitted  in  development  ends.  Back  stopes  are  not  permitted 
and  only  approved  types  of  rockdrills  are  allowed. 

Except  in  the  Monarch  and  United  Jack  mines,  ventilation  is 
natural.  In  spite  of  the  depth  of  the  Weigel  shaft,  the  large  area 
of  old  outcrop  workings  causes  sufficient  natural  updraught  for  satiB- 
factory  ventilation.  At  the  Monarch  mine,  the  outcrop  workings 
have  mostly  caved  and  a  force  fan  is  in  operation  on  No.  7  level  ; 
this  is  a  Brown  Sirocco-type  fan  electrically-driven  by  a  15-h.p. 
motor  delivering  25,000  cu.  ft./min.  at  2J-in.  water  gauge.  The 
fan  at  the  United  Jack  is  similar  but  smaller,  driven  by  a  TJ-h.p. 
motor  and  capable  of  delivering  15,000  cu.  ft./min.  at  2-in.  water 
jrauge. 
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The  system  of  ventilation  is  the  same  at  both  shafts.  The 
shafts  down-cast  from  surface  and  are  isolated  by  doors  on  all 
levels  except  the  bottom,  where  the  air  is  coursed  along  the  foot-wall 
haulages  and  spht  to  travel  up  through  the  travelling  ways  into 
the  Btopes.  The  permanent  foot-wall  travelling  ways  are  isolated 
from  the  haulage  by  doors,  but  receive  a  small  quantity  of  fresh  air 
through  a  regulator  on  the  bottom  level.  Thus,  if  a  stoppage  of 
the  shaft  at  blasting  time  should  occur  and  the  travelling  ways 
have  to  be  used,  they  are  free  from  fumes  and  gas. 

La  development  ends  compressed-air-driven  Sirocco  axial-flow 
fans  or  venturi  blowers,  forcing  air  through  14-in.  galvanized  iron 
or  collapsible  canvas  tubes,  are  used.     For  the  smaller  ends,  7-in. 
galvanized  tubing  with  venturi  blowers  are  used. 
(6)  Pumping 

The  only  shafts  which  have  any  appreciable  influx  of  underground 
water  are  the  Weigel,  Banded  Ironstone,  and  the  old  Free  State. 
The  last  two  are  not  at  present  being  used,  but  are  kept  partly 
un  watered. 

At  the  Weigel,  there  is  a  10-h.p.  centrifugal  pump  at  the  bottom 
of  the  sub-incline  shaft,  dehvering  to  No.  11  level,  whence  another 
similar  pump  delivers  to  No.  9  level  sumps  at  the  bottom  of  the 
vertical  shaft,  where  there  is  a  5-stage  Sulzer  centrifugal  pump. 
Fn>m  this  level  the  water  is  pumped  to  the  surface  tanks  in  three 
stage's,  similar  pumping  stations  existing  on  Nos.  6  and  3  levels. 
The  water  from  this  shaft  is  used  in  the  reduction  works.  The 
rising  main  in  the  shaft  is  of  3-in.  dia.,  supported  on  steel  buntons. 
No  sludge  pumps  are  used  ;  most  of  the  solids  settle  out  very 
quickly  in  the  haulage  drains  and  the  sumps  are  cleared  of  accumu- 
latt'd  sludge  at  Infrequent  intervals.  All  underground  water  is 
strongly  alkaline,  pH  7-8. 

At  the  Banded  Ironstone  mine  pumping  stations  equipped  with 
♦'lectrically-driven  centrifugal  pumps,  similar  to  those  at  the  Weigel 
«*re  situated  on  Nos.  8,  6,  and  8  levels.     A  three-throw  Huntei 
pump  delivers  the  water  from  the  surface  tanks  to  the  Monarch 
mine  through  a  2-in.  pipeline. 

The  old  Free  State  shaft  is  kept  unwatered  down  to  No.  3  level, 
where  there  is  a  No.  3  Cameron  pump  delivt^ring  to  surface.  This 
water  is  used  in  the  present  Free  State  workings. 

At  the  United  Jack  a  ten-stage  Sulzer  centrifugal  pump,  driven 
hy  a  40-h.p.  motor,  pumps  in  one  lift  to  surface,  the  water  being 
'ised  again  for  drilling  purposes.  Make-up  water  has  to  be  supplied 
here  by  means  of  a  500-gal.  tank  transported  by  lorry.  The 
Monarch  is  also  a  drv  mine,  the  small  quant  it  v  from  the  rock- 
^nlls  being  pumped  to  surface  in  two  stages  by  Hunter  three-throw 
I^mps  driven  by  electric  motors. 
C')  Safety  and  Accident  Prevention 

All  underground  employees  are  issued  with  hard  hats,  boots  and 
<^arbide  lamps.  Stretchers  and  first-aid  boxes  containing  bandages. 
''phntB,  and  dres??ings  are  kept  underground  on  all  mines  at  suitable 
places  and^aro  subject  to  periodical  inspection  by  the  medical 
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officer.  All  boss  boys  are  required  to  hold  a  Bed  Cross  oertificato. 
and  instructional  classes  for  the  natives  are  held  weekly  by  the 
medical  officer.  A  bonus  of  2d.  per  day  is  paid  to  boss  boys  who 
have  obtained  their  certificates. 

The  percentage  of  shifts  lost  through  mine  accidents  in  1947 
was  0-48. 

SURVEYING  AND  SAMPLING 

The  survey  department  is  in  the  charge  of  a  responsible  surveyor, 
who  has  one  surveyor  and  three  samplers  to  assist  him.  Eoutim^ 
work  follows  usual  Band  practice,  except  that  the  small  size  of  the 
shafts  and  the  fact  that  each  mine  has  only  one  shaft  calls  for  mortf 
than  ordinary  care  in  transferring  azimuths  underground.  The 
frequency  of  very  steep  sights  necessitates  the  use  of  instruments  of 
a  high  order  of  accuracy. 

Development  samples  are  taken  at  5-ft.  intervals  across  the  roofs 
of  drives,  continuously  along  both  sides  of  cross-cuts,  and  across 
both  sides  of  raises  and  winzes,  also  at  5-ft.  intervals.  In  stoping 
the 'sampling  interval  is  20  ft.,  the  sample  being  taken  across  the 
back  from  wall  to  wall.  Samples  are  cut  with  a  chisel  and  4-11). 
hammer ;  no  attempt  is  made  to  cut  a  dimensioned  groove,  a 
*  chip  '  sample  only  being  taken.  The  maximum  length  of  sample 
cut  permitted  is  12  in. 

Every  working  stope  is  sampled  once  a  month,  or  oftener  if 
circumstances  demand.  All  samples  are  assayed  for  antimony 
and  gold  content.  For  gold  determinations  each  sample  is  assayed 
individually  but  adjacent  samples  are  often  mixed  for  a  composite 
determination  of  antimony  at  the  discretion  of  the  sampler. 

The  assay  plan  factor  for  1947  was  82-75  per  cent  for  antimony 
and  107-9  per  cent  for  gold. 

ASSAYINCr 

The  standard  determinations  required  in  connection  with  samplen 
from  tho  mine  are  for  antimony  and  gold.  For  some  mill  samples 
arsenic  is  required  and  a  complete  analysis  showing  the  content  of 
antimony,  gold,  silver,  arsenic,  iron,  nick(d,  copper,  sulphur,  and 
lead  is  periodically  called  for  in  connection  with  shipments  of, 
concentrates. 

As  some  of  the  methods  used  on  this  mine  are  a  departure  from 
standard  practice,  the  following  details  may  be  of  interest : 

Preparation  of  Samples  for  Assay, — Mine  samples  are  crushed  in 
a  jaw  crusher  and  quartered  down  to  about  1  lb.  by  a  Jones  riffler  ; 
they  are  then  pulverized  by  a  disc  crusher  to  approximately  minus 
60-mesh.  Mill  feed  samples  are  crushed  and  quartered  to  2  lb.  and 
pulverized  to  pass  100-mesh  ;  concentrates  are  given  the  sam*^ 
treatment. 

Gold, — The  stock  Hux  used  is  :    soda  ash.  60  parts  ;    litharge^ 
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W  parts  ;  borax,  7  parts ;  fluorspar,  7  parts ;  and  meal,  2  parts. 

Per  assay,  100  g.  of  the  stock  flux  is  used,  but  where  antimony 
is  present  over  8  per  cent,  nitre  and  additional  litharge  are  added, 
the  quantity  required  depending  upon  the  amount  of  antimony  and 
being  regulated  by  experience. 

Fusion  is  carried  out  in  a  coke-flred  furnace  of  the  Cornish  type  ; 
this  pattern  seems  to  be  the  best  suited  to  this  type  of  ore,  since 
it  is  often  necessary  to  add  fluxing  material  during  fusion  when 
occasion  demands. 

Antimony. — 0*5  g.  of  sample  is  weighed  out  into  a  beaker  and 

10-15  c.c.  of  concentrated  hydrochloric  acid  added.     In  the  case 

of  oxidized  ores  about  0*2  g.  of  potassium  iodide  is  added  to  effect 

reduction  of  the  higher  oxides  which  are  not  easily  soluble  in  acid. 

The  mixture  is  allowed  to  simmer  for  a  few  minutes,  5  c.c.  of  25  per 

cent  tartaric  acid  solution  added,  the  volume  diluted  to  about 

100  c.c.   and,  after  heating  to    about  60**C.,  H28  is  passed  to 

precipitate  the  antimony  as  sulphide.     The  precipitate  is  washed 

two  or  three  times  to  remove  iron,  which  interferes  with  the 

titration.     There  is  nothing  in  the  Murchison  ore  in  sufficient 

quantity  to  warrant  separation  from  the  precipitate  of  antimony 

sulphide.     The  precipitate  is  then  washed  into  a  beaker  and  an 

equal   volume    of    concentrated    hydrochloric    acid    added.     The 

sample  is  then  boiled  until  the  sulphide  has  gone  into  solution  and 

all  traces  of  HoS  removed.     A  little  water  is  added  and  the  solution 

is  made  alkaline  to  phenolphtbalein  by  adding  a  25  per  cent 

solution  of  caustic  soda,  then  re-acidified  slightly  with  HCl  and 

finally  made  alkaline  with  sodium  bicarbonate  solution.     There 

must  be  present  at  this  stage  no  other  alkali  than  NaHCOg,  as  other 

alkalis  form  hypoiodates  which  interfere  with  the  result. 

Oxidation  of  the  Sb2C3l  to  Sb2Cl5  is  now  effected  by  standard 
iodine  solution  made  up  of  10*42  g.  iodine  to  one  litre  distilled 
vatcr.  One  c.c.  of  this  solution  on  0*5  g.  of  ore  is  equal  to  1*0  per 
CM  Sb.  Starch  is  used  as  the  indicator.  The  iodine  solution  is 
standardized  daily. 

In  dealing  with  shipment  concentrates  the  ore  is  dissolved  in 
atrong  HCl,  diluted,  neutralized  and  titrated  directly  without 
previous  precipitation  with  H^S. 

Arsenic. — 0-5  g.  of  the  sample  is  heated  to  fumes  with  10  c.c. 
50  per  cent  nitric  acid  and  5  c.c.  50  per  cent  sulphuric  acid.  The 
sample,  after  fuming,  is  cooled,  5  c.c.  distilled  water  added,  plus 
1  g.  each  of  hydrazine  hydrochJoride  and  potassium  bromide. 
The  addition  of  10  c.c.  of  concentrated  hydrochloric  acid  is  made 
and  adhering  salts  are  washed  down  with  5  c.c.  distilled  water. 
A  deliverv  tube  and  cork  are  inserted  and  the  arsenic  is  distilled 
off  as  As^Clg  into  a  solution  of  12  g.  sodium  bicarbonate  in  60  c.c. 
"water.  The  distillation  is  taken  to  half  volume  and  the  distillate 
removed  :  a  second  distillation  to  half  volume  after  adding  another 
5  c.c.  concentrated  HCl  is   then  carried  out  into  another  solution 
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of  8  g.  sodium  bicarbonate  in  60  c.c.  water.  The  two  distiUatciiS' 
are  titrated  separately  with  iodine  solution,  using  starch  as  indicator, 
and  the  results  added. 

A  blank  determination  is  carried  out  at  the  same  time  using  the 
same  quantities  and  chemicals,  and  the  result  is  deducted  from  the 
total  readings. 

Nickel. — 10  g.  of  the  concentrate  is  taken  up  with  50  c.c.  of 
50  per  cent  nitric  acid,  and  the  antimony  oxides  filtered  ofiF.  Ta 
the  solution  a  few  grams  of  tartaric  acid  is  added  to  hold  iron  in' 
solution  and  the  solution  then  neutrahzed  with  ammonia,  any- 
precipitate  formed  being  filtered  off.  The  filtrate  is  acidified  with 
acetic  acid,  heated  to  90°C.,  15  c.c.  of  0-1  per  cent  alcohohc  solution, 
of  dimethylglyoxime  added,  and  the  solution  just  neutralized  with 
ammonia.  The  red  precipitate  of  nickel  dime  thy  Igoxime  is  filtered 
off,  washed  a  few  times  with  hot  distilled  water,  ignited  at  red  heat 
and  weighed  as  NiO. 

Lead. — 5  g.  of  the  concentrate  is  weighed  out  into  a  beaker  and 
50  c.c.  of  50  per  cent  nitric  acid  added.  The  mixture  is  boiled  to 
half  the  original  volume.  The  oxides  are  allowed  to  settle  and  as 
much  as  possible  of  the  liquid  decanted  off  through  filter  paper  ; 
50  c.c.  of  hot  water  is  then  added  and  the  liquid  again  decanted 
off.  To  the  residue  is  added  25  c.c.  more  of  50  per  cent  nitric  acid, 
which  is  boiled  and  decanted  off  as  before.  The  residue  of  oxidea 
is  now  treated  with  100  c.c.  of  hot  concentrated  sodium  thiosulphate 
solution,  filtered  and  washed  ;   the  residue  is  then  discarded. 

The  first  filtrate  is  cooled  to  room  temperature,  nearly  neutrahzed 
with  ammonia  and  HgS  passed  for  10  minutes.  The  lead  is 
precipitated  along  with  any  remaining  antimony  and  arsenic. 
The  sulphide's  are  filtered  and  washed  with  hot  water. 

To  the  second  filtrate  3  g.  of  sodium  sulphide  is  added  and  the 
solution  heated  to  boiling.  The  sulphides  from  the  first  filtrate 
are  now  washed  into  this  solution  and  boiling  continued  until  the 
liquid  is  clear. 

The  solution  is  now  filtered  and  well  washed  and  the  paper  and 
contents  an?  transferred  to  a  beaker  containing  25  c.c.  of  con- 
centrated nitric  acid  and  20  c.c.  concentrated  sulphuric  acid.  The 
liquid  is  heated  to  strong  fumes  and  from  time  to  time  a  few  c.c. 
of  a  saturated  solution  of  potassium  chlorate  in  concentrated  nitric 
acid  is  added  from  a  dropping  bottle  to  oxidize  and  burn  off  the 
paper.  After  cooling,  the  solution  is  made  up  to  50  c.c.  with  water 
and  an  equal  volume  of  alcohol  added.  The  lead  sulphate  is 
allowed  to  settle  and  the  supernatant  liquid  decanted  off  through 
a  fine  filter.  The  lead  sulphate  is  then  carefully  removed  from 
the  beaker  with  hot  water  and  dried  and  ignited  at  low  temperature 
in  a  porcelain  crucible.  After  cooling  2  drops  of  nitric  acid  and 
1  drop  of  sulphuric  acid  are  added  and  the  lead  sulphate  heated 
gently  to  dryness,  then  more  strongly  for  a  few  minutes.  It  is 
finally  weighed  as  Pb804. 
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SURFACE   TRANSPORT 

Incoming  supplies  and  outgoing  antimony  concentrates  are 
handled  by  railway  road  vehicles. 

The  company  has  a  fleet  of  petrol  lorries  for  transporting  ore  from 
the  outside  shafts  to  the  Weigel  bins  ;  timber,  explosives,  and  stores 
from  the  central  area  to  the  outside  shafts  ;  water  to  the  United 
Jack,  West  Jack  and  Gravelotte  mines,  and  persomiel  to  and  from 
work.  The  type  of  lorry  standardized  for  transport  of  ore  is  the 
Ford  5-ton  tipper  model,  although  old  lorries  of  different  type  are 
still  in  use.  The  total  fleet  consists  of  12  vehicles.  All  drivers 
are  natives  who  work  on  a  task  and  bonus  system.  The  cost  of 
transporting  ore  (including  depreciation)  is  4'67d.  per  ton-mile. 

ORE  REDUCTION   PROCESS 
A  flowsheet  of  the  reduction  plant  is  depicted  in  Fig.  5. 

I. — Crushing  and  Sorting 

Ore  from  the  mine  is  collected  in  the  main  storage  bin,  whence 
it  is  transported  by  endless  rope  haulage  to  the  plant,  where  it  is 
.«?creened  over  grizzly  bars,  and  the  oversize  washed,  sorted,  and 
crushed  in  a  primary  crusher.  The  crushed  ore  joins  the  screened 
fines  and  is  elevated  to  a  vibrating  screen  in  closed  circuit  with 
secondary  crushers,  the  oversize  passing  through  the  crushers 
back  to  the  screen  and  undersize  being  conveyed  to  the  mill  bins. 

(1)  Transport  of  Ore 

Ore  from  the  Weigel  shaft  arrives  on  the  bank  in  l-ton  solid  cars 
which  enter  a  tippler  delivering  direct  into  the  main  storage  bin. 
Ore  from  the  outside  shafts  is  transported  in  5-ton  Ford  tipper 
lorries,  which  dehver  their  loads  into  the  same  bin.  The  bin, 
which  is  covered  by  a  14-in.  by  14-iii.  grizzly,  has  a  capacity  of 
400  tons,  and  it  is  constructed  of  reinforced  concrete,  about  two- 
thirds  of  the  total  depth  being  in  excavated  ground,  the  upper  third 
being  enclosed  in  filled  ground  to  form  ramps  for  th(*  approach  of 
the  lorries.  There  are  six  discharge  chutes  operated  by  radial 
doors  underneath  the  bin  which  deliver  into  1-ton  solid  cars. 
These,  when  filled,  are  attached  by  jockey  to  the  rope  of  an  endless- 
rope  haulage,  which  pulls  them  up  an  incline  to  the  level  of  the 
mill.  A  short  tram  by  hand  dehvers  them  to  a  tippler  discharging 
into  the  receiving  surge  bin.  In  the  event  of  a  shutdown  of  the 
endless-rope  haulage  the  lorries  may  dehver  the  ore  on  to  a  floor 
next  to  the  surge  bin,  whence  it  is  shovelled  by  hand  into  the  bin. 

(2)  Primary  Screenin/f 

The  crushing  plant  normally  runs  two  9-hr.  shifts  per  day,  the  rate 
of  feed  being  about  23  tons/hr.  The  ore  is  fed  by  a  stationary  chain 
feeder  to  an  incline  belt  24  in.  wide,  set  at  17°  elevation  and  driven 
at  150  f.p.m.  by  a  TJ-h.p.  motor.  This  belt  dehvers  the  ore  to  a 
3-ft.  by  5-ft.  grizzly  screen  set  at  45°,  with  bars  spaced  IJ  in.  apart. 
Fines  pass  through  to  a  20-in.  wide  horizontal  conveyor  drivow  i^\> 
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150  f.p.m.  by  a  5-h.p.  motor.  This  belt  discharges  into  the  feed 
hopper  of  the  bucket  elevator.  The  grizzly  oversize  passes  to  the 
wadiing  and  sorting  belt. 

(3)  Washing 

The  ore  is  washed  by  a  water  spray  on  the  first  portion  of  the 
sorting  belt,  which  is  here  inclined  at  15^.  Washings  pass  down 
a  lannder  to  a  box  fitted  with  a  |-in.  mesh  screen.  The  fines  and 
water  flow  by  gravity  to  the  main  mill  spillage  sump,  whence  they 
are  pnn\ped  by  a  2-in.  E.E.6.  pump  to  join  the  east  ball-mill 
discharge.  The  material  remaining  on  the  screen  is  removed  at 
intervals  through  a  chute  and  fed  by  hand  into  the  east  mill. 

(4)  Sorting 

The  washed  ore  is  sorted  on  the  horizontal  part  of  the  belt, 
which  is  80  in.  wide,  driven  by  a  6-h.p.  motor  at  40  f.p.m.  There 
are  six  natives  sorting  on  each  shift.  About  80  tons  per  day 
(8  per  cent)  of  waste  is  sorted  and  trammed  to  the  waste  dump.  In 
addition,  about  8  tons/day  of  high-grade  antimony  ore  is  selected 
at  thi^  point  for  subsequent  cobbing. 

(5)  Primary  Crushing 

The  sorting  belt  delivers  the  ore  to  a  primary  crusher,  which  is 
an  Allen  *  Stag  *  jaw  crusher,  16  in.  by  9  in.,  270  r.p.m.,  85-h.p. 
motor,  set  to  2-2}-in.  discharge.  The  capacity  is  approximately 
16  tons/hr.  Discharge  from  this  crusher  passes  down  a  steel  chute 
12  in.  wide  at  32°  to  the  feed  hopper  of  the  bucket  elevator.  A 
standby  crusher  of  similar  type  is  available. 

(6)  Secondary  Screening 

Primary  fines,  together  with  all  crusher  discharge,  are  elevated 
to  the  screen  floor  bv  an  11 -in.  wide  bucket  elevator,  driven  at 
140f.  p.m.^  bya  5-h.p.  motor.  Buckets  are  Linkbelt  10  in.  by  6  in. 
The  elevator  delivers  the  ore  to  a  5-ft.  6- in.  by  3-ft.  6-in.  Eobins 
Vibrex  screen,  set  at  20°,  and  driven  at  1,860  r.p.m.  by  a  5-h.p. 
motor.  Screening  is  }-in.  square  aperture,  oversize  passing  to  the 
secondary  crushers  and  undersize  to  a  feed  chute.  This  chute 
dehvers  the  ore  either  to  the  West  Mill  ore  bin  (capacity  80  tons)  or 
to  a  conveyor  belt  20  in.  wide,  driven  by  a  5-h.p.  motor  at  180  f.p.m. 
and  inchned  at  17°.  This  conveyor  delivers  to  the  East  Mill  orebin 
of  800-tons  capacity. 

(7)  Secondary  Crushing 

Screen  oversize  is  carried  by  a  80-in.  wide  horizontal  belt 
conveyor  to  the  secondary  crusher,  a  No.  19  Kennedy  gearless 
springhead  crusher,  driven  by  a  vertical  82-h.p.  motor  at  450  r.p.m. 
Two  natives  are  employed  on  removal  of  tramp  iron  and  some 
secondary  sorting  of  waste  on  this  belt.  The  waste  thus  sorted 
amounts  only  to  about  3  tons/day.  Another  Kennedy  crusher  of 
similar  type  is  available  as  a  standby.  The  secondary  crasher  is 
set  to  give  a  discharge  of  about  1-in.  size  and  the  capacity  is  ^bout 
20  tons/hr.,  of  which  about  50  per  cent  is  probably  the  normal 
circulating  load.  The  crusher  discharges  through  a  chnto  to  the 
hucket  elevator,  which  returns  the  ore  to  the  Vibrex  screen. 


22         RALPH   SYMONS  :    MINING    AND    MILLING    ANTIMONY    ORl^ 

II. — Milling 

The  milling  section  consists  of  two  ball-inills,  each  in  closed 
circuit  with  its  own  classifier.  The  circuit  is  slightly  different  in 
each  mill. 

(1)  East  Mill 

I  Ore  is  drawn  from  the  steel  mill  bin  and  fed  by  a  Comet  feeder 
and  conveyor  to  a  5-ft.  by  16-ft.  by  6-in.  mill,  driven  at  30  r.p.ni. 
through  a  countershaft,  pinion,  and  spur  wheel  at  the  inlet  by  a 
150-h.p.  motor.  The  mill  is  mounted  on  steel  trunnions  and  lined 
with  cast  white-iron  bricks.  It  is  fitted  with  a  f-in.  round-hole 
screen  and  lifting  scoops.  Three-in.  steel  balls  are  used  and  the  load 
is  maintained  8  or  9  in.  below  the  axis. 

Water  is  added  to  the  mill  feed  with  the  classifier  return  to  make 
the  pulp  discharge  about  20  per  cent  moisture.  The.  pulp  flows 
out  through  a  trommel  with  J-in.  holes,  and  pebbles  are  removed 
and  returned  to  the  mill  by  hand. 

Discharge  pulp  is  pumped  by  a  3-in.  E.R.G.  pump,  880  r.p.iri., 
iD-h.p.,  to  two  blanket  tables,  a  16-in.  by  24-in.  Denver  jig,  and  a 
7-ft.  dia.  spiral  classifier,  which  is  driven  at  7  r.p.m.  by  a  7^-h.p. 
motor.  Sand  is  raked  back  to  the  mill,  and  overflow  pulp  at  80  per 
cent  water  flows  to  the  flotation  cells.  Mill  duty  is  235  tons/24  hr. 
ground  to  70  per  cent  tnimis  200-mesh. 

(2)  West  Mill 

The  ore  is  hand-trammed  from  thc^  steel  bin  in  1-ton  cars  to  a 
3-ton  mill-feed  bin.  From  the  bin  it  is  fed  bv  a  Comet  feeder  t6  a 
6-ft.  by  7-ft.  by  4-in.  ball-mill.  The  drive  is  similar  to  that  of  the 
East  J^fill,  the  speed  being  25  r.p.m.,  with  a  80-h.p.  motor. 

Discharge  pulp  flows  to  blanket  tables  and  a  12-in.  by  18-in. 
l^enver  jig  and  is  pumped  thence  to  a  7-ft.  dia.  spiral  classifier. 
8and  from  this  classifier  returns  to  the  mill,  but  the  overflow  is 
passed  to  a  cone  classifier,  the  overflow  from  which  flows  to  the 
gold  flotation  cell  and  the  underflow  returns  to  the  jig.  Mill  duty 
is  115  ton8/24  hr.  ground  to  70  per  cent  minu^  200-mesh. 

III. — (ioLi)  Concentration 

All  gold  concentration  equipment  is  in  the  mill  circuit  and  the 
bulk  of  the  gold  is  recovered  here.  At  the  same  time  the  ore  is 
prepared  for  the  flotation  of  the  antimony.  Gold  is  recovered  by 
straking,  jigging,  and  flotation. 

(I)  Blanket  St  rakes 

There  are  three  sets  of  strakes  :  two  tables,  each  3  ft.  by  7  ft.  bj 
6  in.  by  20  per  cent  slope  in  the  East  Mill  circuit,  one  table  3  ft.  by 
4  ft.  by  6  in.  by  17  per  cent  slope  in  the  West  Mill  circuit,  and 
two  tables  each  3  ft.  by  5  ft.  by  6  in.  by  7^  per  cent  slope  treating 
final  pulp.'  The  tables  are  covered  with  corduroy  blankets  and 
are  dressed  at  2-h()urly  intervals.     The  concentrate  from  the  final 
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palp  tables  is  sent  direct  to  the  roaster,  as  it  contains  little  free 
gold. 

Concentrates  from  the  mill  tables  are  dressed  daily  on  a  James 
table.  The  top  streak  is  taken  and  stored  and  the  tailing  collected 
in  a  sump.  Once  a  week  the  top  streak  is  re-dressed  and  the  richest 
portion  is  removed  for  amalgamation,  tailing  running  to  the  sump. 
The  tailing  is  taken  to  the  roaster  at  intervals. 

Recovery  by  straking  is  about  20  per  cent  of  mill  feed,  of  which 
17  per  cent  is  by  amalgam  and  3  per  cent  is  in  the  James  table 
tailing.     About  2J  tons/month  of  this  material  is  collected  for- 
roasting  :  it  assays  7-10  oz./ton. 

(2)  Jigging 

There  are  two  Denver  mineral  jigs  in  use  :  one  16  in.  by  24  in.  in 
the  Eiast  Section  and  one  12  in.  by  16  in.  in  the  West  Section,  both 
double-compartment  run  at  300  r.p.m.  by  1-h.p.  motors.  The 
bottom  screens  are  standard  wedge-bar  type  with  J-in.  apertures. 
iTh**  bed  is  of  iron  slag  broken  to  J-^  in.  size  and  2-4  in.  deep, 
depending  on  the  nature  of  the  ore.  The  jigs  are  tapped  hourly  : 
no  oversize  conetMitrate  is  made  and  only  the  hutch  product  is 
drawn. 

The  concentrates  from  both  jigs  are  dressed  on  the  James  table. 
Tlie  gold  and  pyritic  minerals  (about  95  per  cent)  are  taken  off  the 
b^ad  of  the  table  for  roasting.  The  gangue  passes  into  the  taihng 
Aiu]  is  returned  to  the  mill. 

About  2  tons  of  dressed  concentrate  per  day  is  produced,  assay- 
iii^^  5-10  oz.  gold  per  ton.  This  represents  about  18  per  cent  of  the 
g*;]'!  in  the  mill  feed. 

\S    Hold  Flotation 

1-lotation  cells  of  the  Denver  Sub  A  No.  24  type  are  used  for  gold 
ti<iiation,  driven  at  about  300  r.p.m.  by  TJ-h-p.  motors.  Three  are 
in  the  East  Mill  circuit  and  one  in  the  West  Mill  circuit.  The  cells 
-an*  all  run  as  roughers  ;  no  cleaning  is  done.  The  concentrate 
obtained  is  roasted. 

Normally,  about  20  tons  concentrate  per  day  is  produced^  at 
7-12  dwt./tou.  Talcy  gangue  will  float  in  preference  to  antimony 
at  this  stage.  This  represents  about  10-15  per  cent  of  the  gold 
in  the  mill  feed. 

The  froth  from  both  East  and  West  Mill  circuits  is  broken  up 
.by  sprays  and  pumped  by  a  2-in.  E.R.G.  pump  (1,260  r.p.m., 
10-h.p.  motor)  to  a  Dorr  thickener  18  ft.  in  dia.  by  10  ft.  (0-35  r.p.m., 
1-h.p.  motor).  Clear  water  overflows  back  to  mill  water  tanks  and 
thickened  concentrate  is  pumped  by  a  2-in.  E.R.G.  pump  (930 
r.p.m.,  10-h.p.)  to  a  Feinc  filter,  4  ft.  6  in.  in  dia.  by  6  ft.  This 
machine  is  fitted  with  a  plain  scraper  discharge  and  is  run  as 
necessary  (about  12hr./day).  The  filtered  •concentrate  is  shovelled 
^  the  drying  floors. 
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rV. — Boasting  op  Gold  Concentrate 

All  gold  concentrate  is  dried  and  then  roasted  in  an  Edwards 
roaster.     Calcine  is  stored  for  subsequent  treatment. 

(1)  Drying 

Concentrate  from  the  mill  and  the  Feinc  filter  is  either  sun>dried 
in  paddocks  or  dried  on  a  hand-operated  drying  plate  5  ft.  by  25  ft. 
Coal  consumption  is  about  1  ton /day  and  gravity  concentrate  is 
dried -'out  completely,  while  flotation  concentrate  is  dried  to 
5-10  per  cent  moisture. 

(2)  Boasting 

The  dried  concentrate  is  weighed  and  sampled  in  barrows  and 
hand  fed  to  a  screw  conveyor,  which  feeds  the  material  into'  the 
roaster.  The  jig  and  gravity  concentrates  are  mixed  with  low- 
grade  concentrate. 

The  roaster  is  an  Edwards  Simplex  with  6-ft.  6-in.  by  72-ft.  6-in. 
hearth  (area  400  sq.  ft.).  There  are  18  water-cooled  rabbles,  eaoh 
fitted  with  5  replaceable  tines.  The  rabble  arms  ai:^  driven  by  a 
15-h.p.  motor  through  a  reducing  gear,  line  shaft,  and  bevel  gears 
at  1  r.p.m.,  except  the  last  two  arms,  which  travel  at  2  r.p.ni. 
Opposite  each  arm  is  an  inspection  and  draught  door.  There  are 
two  furnaces,  one  at  the  discharge  end  and  one  on  the  side  about 
half  way  along  the  roaster.  Both  are  hand  stoked  with  steam 
coal.  Temperature  is  determined  by  means  of  a  Cambridge 
electrical  pyrometer,  with  connections  at  Nos.  6  and  15  ports. 
Dust  is  caught  in  a  system  of  fines  and  the  gas  is  finally  discharged 
through  a  steel  smoke  stack.  Draught  is  natural  and  is  controlled 
by  a  damper  in  the  fine. 

The  roaster  is  stopped  every  morning.  Babbles  are  cleaned  in 
rotation,  inspection  ports  cleared  and  clinker  chipped  off  the  aroh 
and  bridges.  Flue  dust  is  removed  from  the  fines.  The  roaster 
capacity  is  about  14  tons/day.  It  is  difficult  to  determine  the 
gold  loss  in  roasting  ;  stack  tests  have  indicated  a  loss  of  3-5  per 
cent  of  feed.  The  object  in  roasting  is  to  produce  a  'dead* 
sulphide-free  roast,  with  volatilization  of  as  much  arsenic  and 
antimony  as  possible. 

The  loss  of  weight  in  the  concentrate  in  roasting  varies  from 
20  to  80  per  cent.  Iron  compounds  are  converted  to  ferric  oxide, 
FegOs  ;  the  bulk  of  the  sulphur  volatilizes,  roasted  calcine  contain- 
ing about  0*52  per  cent  sulphate  and  0*18  per  cent  sulphide  sulphur.. 
Arsenic  appears  to  be  volatilized  almost  completely  without  much 
difficulty. 

Antimony  causes  trouble,  the  cause  appearing  to  be  the  fusion 
of  stibnite  particles,  which  prevents  further  oxidation  and  encases 
gold.  Helpful  factors  seem  to  be  insulation  of  stibnite  partiolea 
by  gangue  as  in  low-grade  concentrate  and  the  existence  of  the 
antimony  sulphide  in  coarse  particles,  e.g.,  in  jig  concentrates.     In 
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eiiher  of  these  cases  antimony  content  can  be  much  higher  without 
causing  trouble.  Normally,  about  60  per  cent  of  the  antimony 
present  is  volatilized,  the  bulk  of  the  remainder  being,  apparently, 
in  the  form  of  the  innocuous  tetroxide  Sb204. 

The  amount  of  coal  used  depends  to  some  extent  on  the  nature 
of  the  concentrate ;  more  is  required  for  low-grade  material. 
owing  to  the  absence  of  sulphur.  Normal  consumption  at  present 
is  2'4  tons/day,  or  20  per  cent  of  ore  roasted.  With  high-grade 
feed  only  the  end  fire  is  stoked.  Temperatures  for  high-grade  feed 
are  about  430-450°C.  at  No.  6  port  (if  higher,  the  stibnite  fuses) 
rising  to  600**C.  at  No.  15  port.  The  stack  temperature  where  gas 
feaves  the  flues  is  about  220''C. 

The  flue  dust  removed  daily  from  the  flues  is  fed  back  to  the 
roaster  with  the  concentrate.  '  Cyaniding  tests  on  this  material 
indicate  excessive  chemical  consumption  and  only  about  15  per  cent 
recovery,  but  when  roasted  in  this  way  it  causes  no  trouble. 

(S)  Calcine 

The  calcine  drops  into  a  push  conveyor,  12  in.  wide  by  50  ft. 
long,  and  is  dragged  to  a  bucket  elevator,  cooling  off  on  the  way. 
The  elevator  lifts  it  to  a  storage  bin,  where  it  cools  further. 

V. — Treatment  of  Calcine 

About  10  tons  of  calcine  is  produced  per  day  and  is  sluiced  and 
pumped  to  a  mill  in  closed  circuit  with  classifiers  and  blanket 
strake  tables.  The  final  pulp  is  thickened  and  then  cyanided  and 
filtered. 

(1)  MiUing 

The  calcine  is  fed  from  the  storage  bin  to  a  chute,  down  which 
it  is  sluiced  with  water  to  a  2-in.  E.R.G.  pump  (1,580  r.p.m., 
7f-h.p.).  The  pump  is  run  for  one  8-hr.  shift/day  and  defivers 
the  pulp  to  a  corduroy  table  3  ft.  by  5  ft.  by  6  in.  at  20  per  cent 
slope. 

Tailing  passes  to  a  cone  4  ft.  6  in.  in  dia.  by  6  ft.,  the  coarse 
underflow  running  into  a  mill  4  ft.  in  dia.  by  9  ft.,  driven  at  28  r.p.m. 
by  a  50-h.p.  motor.  This  mill  is  similar  in  design  to  the  ball-mills, 
but  is  loaded  with  slugs.  The  discharge  from  the  mill  passes  over 
a  corduroy  table  3  ft.  by  5  ft.  6  in.  by  20  per  cent  slope  and  is 
then  pumped  by  a  3-in.  E.R.G.  pump  (730  r.p.m.,  7i-b.p.)  back 
to  the  cone. 

Cone  overflow  gravitates  to  a  pan  classifier,  or  hydrosizer, 
7  ft.  in  dia.  (3-1  r.p.m.,  7|-h.p.).  Coarse  material  is  raked  to  the 
central  discharge  and  flows  into  the  mill.  The  pan  classifier 
overflow  is  from  60  to  70  per  cent  minus  350-mesh  and  gravitates 
to  a  Dorr  thickener  18  ft.  in  dia.  by  10  ft.  (0-35  r.p.m.,  1-h.p.). 
The  overflow  returns  to  the  mill  circuit.  Thickened  underflow  is 
pumped  by  a  2-in.  E.R.G.  pump  (880  r.p.m.,  T^-h.p.)  to  a  tank  for 
cyaniding. 
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(2)  Concentraticm 

There  are  two  blanket  tables  in  the  circuit  (alteady  mentioned). 
The  primary  table  is  dressed  once  per  shift,  the  other  at  hourly 
intervals.  The.  concentrate  is  amalgamated  without  dressing. 
About  70  per  cent  of  the  gold  in  the  calcine  is  recovered  in  this  way. 

(8)  Cyanidimi 

Three  Crosse  tanks,  10  ft.  in  dia.  by  4  ft.  cyl.  and  16  ft.  6  in. 
cone,  are  in  use.  Each  has  an  inner  and  outer  circular  compart- 
ment served  by  separate  air  jets,  so  that  pulp  can  be  agitated  in 
the  inner  compartment  while  settling  in  the  outer  one.  Treatment 
is  bj'  the  batch  system. 

Pulp  is  pumped  in  at  a  1  :  4  liquid/solid  ratio  and  is  aerated  with 
.5  lb.  of  lead  nitrate  for  2  hours  to  precipitate  soluble  sulphides, 
oxides  and  ferrous  matter.  Cyanide  is  then  added  in  the  form  ol 
a  drip  of  5  per  cent  solution  until  the  strength  is  about  0-3  per  cent 
KCN.  Normally  this  takes  about  6  hours,  and  50  lb.  cyanide 
(Cassels)  is  used.  Agitation  is  continued  for  12  hours  in  all,  and 
the  outer  jet  is  then  stopped.  For  settlement  and  precipitation 
80  lb.  lime  is  added  and  barren  wash  solution  is  run  into  the  inner 
compartment  at  the  rate  of  1-8  tons/hr.  For  this  purpose, 
precipitated  solution  from  ealcine  treatment  is  used.  The  tank 
is  full  in  3-4  hours  and  clear  solution  at  about  0-1  per  cent  KCN 
begins  to  overflow.  Washing  is  continued  for  16  hours  and  the 
^eed  is  then  stopped  and  clear  solutit)n  decanted  off. 

The  pulp  is  then  gravitated  to  the  Paxman  filter  and  filtered 
land  the  residue  is  repulped  with  barren  solution  and  pumped  back 
to  another  Crosse  tank  for  a  second  treatment.  It  is  agitated  for 
20  hours  with  a  further  10  lb.  of  cyanide  at  about  0-03  per  c^nt 
,KCN  and  is  then  filtered  again  and  the  residue  is  gravitated  to  a 
special  dam. 

The  Paxman  filter  used  for  this  work  runs  3-4  hr./day  and  all 
.piolution  from  the  filter  and  Crosse  tanks  runs  to  special  clarifiers. 
Cyanide  consumption  is  about  5-5  lb.  NaCN/ton. 

'   .  VI. — Antimony  Ekcovery 

The  thickened  pulp  is  conditioned  with  the  necessar}'  reagents 
and  is  then  floated  in  a  series  of  machines.  The  antimony  con- 
centrate floated  is  cleaned,  dressed  by  gravity  methods  to  recover 
gold  and  arsenic,  and  then  collected,  dried,  and  bagged  for  sale. 
Tailings  are  sent  for  thickening  and  cyanide  treatment  or  are  sent 
direct  to  the  tailing  dam. 

(1)  Conditioniruj 

Pulp  from  the  East  Mill  thickener  is  pumped  at  1  :  1  to  1*25  :  1 
liquid /solid  ratio  by  a  2-in.  Wilfley  pump  (1,330  r.p.m.,  10-h.p.)  to 
a  conditioner  4  ft.  6  in.  in  dia.  by  6  ft.  deep  (200  r.p.m.,  T^-h.p.). 
'The  reagents  are  added  at  this  point.  A  xanthate  promoter  is 
used.     Pine  oil  is  used  as  a  f  rot  her. 
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The  pulp  is  conditioned  for  about  10  inin.  and  then  passes  to  the 
flotation  section. 

In  the  West  Mill  circuit  the  reagents  are  added  in  the  flotation 

(2)  Flotation 

The  flotation  plant  consists  of  7  No.  18  Special  Denver  Sub  A 
machines  (400  r.p.m.,  5-h.p.)  and  3  No.  24  machines  (290  r.p.m., 
7J-h.p.)  in  the  East  Mill,  and  one  No.  18  and  4  No.  24  machines 
in  the  West  Mill. 

In  the  East  Mill  circuit  the  pulp  from  the  conditioner  enters  No.  3 
cell  (the  first  rougher)  and  flows  through  seven  rougher  cells.  The 
concentrate  flows  by  gravity  assisted  by  sprays  to  the  two  cleaner 
cells.  From  these  cells  final  concentrate  is  drawn,  and  pumped 
bva  2-in.  E.R.G.  pump  (700  r.p.m.,  7J-h.p.)  to  the  dressing  plant. 

Cleaner  cell  tailing  passes  back  through  the  rougher  cells,  the  tail- 
ing from  which  flows  to  a  scavenger  cell.  The  concentrate  from 
this  cell  passes  back  to  No.  5  rougher  cell  an4  the  tailing  is  pumped 
by  a  2-in.  E.R.G.  pump  (890  r.p.m.,  7J-h.p.)  to  a  thickener, 
85  ft.  in  dia.  by  8  ft.,  similar  to  the  mill  thickener.  Underflow  is 
measured  in  Brown  tanks  and  then  runs  to  the  tailing  dam,  while 
clear  water  overflows  to  a  storage  tank  of  15,000  gal.  capacity, 
^hich  supplies  the  mill  and  flotation  water  service  pumps. 

In  the  West  Mill  circuit  there  is  no  conditioner.  The  pulp  flows 
through  four  rougher  machines,  the  concentrate  from  which  is  passed 
through  one  cleaner  cell.  The  final  concentrate  from  this  cell  is 
pumped  by  a  H-in.  E.E.G.  pump  (800  r.p.m.,  5-h.p.)  to  the  dressing 
plant  and  the  tailing  flows  back  to  the  roughers.  The  final  tailing 
from  the  roughers  joins  the  tailing  from  the  East  Mill  circuit. 

Tlie  control  of  the  flotation  plant  is  largely  visual.  For  high- 
grade  concentrate,  froth  should  be  dense  and  matted  :  for  high 
recovery,  it  should  be  fairly  loose.  In  practice  a  compromise  is 
neeessarv..  Pine  oil  must  be  carefullv  controlled  :  anv  excess  leads 
to  a  drop  in  grade  in  the  concentrate,  while  a  deficiency  causes  high 
tailing  losses.     Xanthate  is  very  helpful  in  stabilizing  conditions. 

The  aim  is  to  activate  the  stibnite  sufficiently  to  cause  it  to  float 
in  preference  to  other  minerals  and  schist. 

(S)  Dressing  of  Concentrate 

The  final  antimony  concentrate  is  pumped  to  a  James  table  for 
dressing.  In  this  operation  some  pyrite  and  arsenopyrite  is 
.^♦^parated  from  the  main  bulk. 

(4)  Collection  of  Antimony  Concentrate 

The  concentrate  flows  to  four  collecting  sumps,  each  consisting 
of  a  series  of  4  compartments  2  ft.  deep  by  6  ft.  by  12  ft.  The  bulk 
of  the  concentrate  settles  in  the  first  compartment  and  the  overflow 
passes  on,  clear  water  overflowing  from  the  last  compartment  to  h 
safety  pump,  whence  it  is  pumped  to  the  James  tables  and  West 
Mill  circuit  water  storage. 
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Each  morning  the  settled  solids  are  shovelled  on  to  the  drying^ 
floors.  There  are  four  concrete  floors  (total  area  about  8,000  sq.  ft.) 
and  additional  drying  space  of  about  10,000  sq.  ft.,  some  of  which 
has  been  tarred.  The  maximum  drying  capacity  is  about 
26  tons/day,  in  normal  weather  concentrate  taking  3-4  days  to 
dry  out  to  5  per  cent  moisture. 

Jute  pockets  with  inner  paper  liners  (old  cement  bags)  are 
tilled  to  a  weight  of  approximately  120  lb.  net.  The  concentrate 
is  sampled  for  moisture  before  bagging  and  the  assay  sample  is 
made  of  portions  from  each  bag. 

The  concentrate  is  despatched  in  50  long-ton  lots  and  transported 

to  the  station  by  railway  lorries. 

..  •• 

(5)  Cobbing 

The  high-grade  ore  selected  on  the  sorting  belt  is  hand-oobbedr 
and  selected  ore  over  55  per  cent  antimony  is  bagged  and  sold 
directly.  The  grade  of  cobbed  ore  has  sometimes  reached  as  high 
a  flgure  as  69  per  ceqt  antimony,  against  a  theoretical  maximum 
of  71*4  per  cent.  Cobbed  ore  is  sent  away  in  25-ton  lots,  the 
total  monthly  production  being  30-50  long  tons. 

(6)  Distribviion  of  Antimony 

Of  the  antimony  in  the  ore,  about  5  per  cent  is  recovered  aa 
cobbed  ore  and  74  per  cent  as  concentrate.  The  bagged  concentrate 
contains  60-65  per  cent  antimony.  If  the  grade  is  reduced, 
recoveiy  can  be  improved,  but,  to  satisfy  market  demands  and  fqr 
reasons  of  mining  policy,  the  grade  mentioned  has  been  found  to- 
yield  the  best  results. 

As  far  as  possible,  nickel,  copper,  arsenic,  and  lead  minerals  are 
removed  from  antimony  concentrate.  All  these  impurities  are 
heavily  penalized.  They  are,  however,  largely  removed  with  the 
gold  from  the  ore. 

VII. — Cyanidation  of  Flotation  Tailings 

The  tailing  pulp  when  treated  is  cyanided  in  Brown  tanks  and 
then  Altered  in  a  Paxman  filter  and  discharged  to  the  taihngs  dam. 
Gold-bearing  solution  is  sent  for  further  treatment. 

(1)  Brovm  Tanks 

The  thickened  pulp  from  the  tailing  thickener  is  pumped  by  a 
2-in.  Wilfley  pump  (1,270  r.p.m.,  7J-h.p.)  to  4  Brown  tanks, 
15  ft.  in  dia.  by  7  ft.  1  in.  cyl.  and  12  ft.  11  in.  cone.  The  Browna 
are  run  on  the  batch  system  and  as  each  tank  fills  the  tonnage  Ir 
determined  by  shortage  and  S.G.  measurement. 

The  pulp  in  the  tank  is  air-agitated  for  one  hour  and  10  lb. 
cyanide  is  then  added,  giving  a  strength  of  about  0*004  per  cent 
KCN.  Each  tank  holds  about  50  tons  dry  sUme.  The  charge  i» 
agitated  for  8  hours,  by  which  time  all  soluble  gold  is  dissolved. 

(2)  Paxman  Filter 

From  the  Brown  tanks  pulp  gravitates  to  a  Paxman  filter. 
This  is  a  continuous  rotary  drum,  8  ft.  6  in.  in  dia.  by  8  ft.  long 
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(200  sq.  ft.  area).  The  drum  is  of  steel  with  steel  grating,  covered 
with  a  coarse  woven  backing  cloth  and  a  twill  filter  cloth,  and 
divided  into  airtight  sections,  each  connected  by  a  pipe  to  the 
filter  end  and  aatomatic  valve.  The  filter  is  driven  by  a  worm  and 
pinion  at  0-58  r.p.m,  from  a  7^h.p.  motor.  This  motor  also  drives 
the  agitator  (15  r.p.m.)  and  puddles  (54  r.p.m.)  through  a  train  of 
gears.  The  filter  runs  in  a  steel  pulp  hopper,  with  concrete  spillage 
sump  and  a  8-in.  E.B.6.  spillage  pump.  ' 

Vacuum  is  maintained  by  a  Worthington  horizontal  pump, 
driven  at  120  r.p.m.  by  a  5-h.p.  motor.  Filtrate  is  pumped  by  an 
Attack  AS  water  pump  (1,850  r.p.m.,  T^-h.p.)  to  sand  solution 
olarifiers. 

The  pulp  flows  into  the  hopper  and  solution  is  drawn  through 
the  cloth,  leaving  a  residual  cake  on  the  cloth  face.  The  residual 
moisture  is  washed  from  this  cake  by  barren  solution  wash  sprays 
and  the  cake  is  then  allowed  to  dry  and  is  discharged  into  the 
puddler  and  repulped.  From  the  puddler,  the  residue  gravitates 
to  the  taiUng  dam  at  a  1  :  1  Uquid/solid  ratio. 

The  Paxman  filter  duty  is  very  high,  about  1-2  tons/sq.  ft./day. 
It  is  used  for  tailing  treatment  for  about  20  hr./day,  and  for  Crosse 
tank  pulp  (calcine)  3-4  hr./day. 

Gold  recovery  in  this  section  is  low  and  is  not  always  profitable, 
and  in  that  case  the  Brown  tanks  are  used  purely  for  measurement 
purposes. 

(8)  Tailing  Disposal 

The  residue  is  run  to  a  special  dam.  Walls  aro  built  by  shovelling 
and  water  is  drawn  off  by  means  of  a  penstock  from  a  central  pool. 
The  water  is  not  returnt^d  to  the  plant  hut  is  us(»d  for  the  compound 
garden. 

VIII. — Gold  Amalgamation  and  I^ukcipitation 

Blanket  concentrates  from  the  mill  and  from  calcines  treatment 
are  amalgamated.  The  amalgam  is  pressed,  retorted,  and  smelted 
into  bullion.  Gold-bearing  solution  from  calcint^  and  tailing  treat- 
ment is  clarified.  The  gold  is  precipitated  in  zinc  boxes  and  these 
are  cleaned  up  monthly.  Slime  is  aoid-treated,  calcined,  and 
smelted  to  bullion. 

(1)  Amalgamaiioji 

Calcine  blanket  concentrate  is  amalgamattul  daily,  and  dressed 
mill  concentrate  once  a  week,  the  amalgams  being  kept  separate. 
The  procedure  in  both  eases  is  the  same.  The  concentrate  is  placed 
in  a  steel  amalgam  barn^l  with  about  5  Ih.  of  chloride  of  lime, 
400-600  oz.  of  mercury,  and  about  100  lb.  of  steel  balls. 
The  barrel  is  filled  with  water  and  rotated  for  -i  hqurs  during  the 
night.  Next  morning  tlKi  barrel  door  is  opencnl  and  the  charge 
is  run  over  a  bucket,  which  collects  nearly  all  the  iron  and  amalgam. 
Overflow  passes  over  an  amalgamated  copper  plate  and  is  pumped 
to  the  calcine  thickener.     The  amalgam  is  washed,  iron  is  removed 
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by  hand  magnet,  and  the  amalgam  is  squeezed  in  a  pneumatic  pressl 
The  pressed  amalgam  is  weighed  and  looked  away  and  once  or 
twice  a  month  is  retorted.  A  vertical  pot  retort  is  used  in  a  Comigh 
furnace  and  mercury  is  collected  in  a  condenser.  The  sponge  gold 
is  subsequently  melted  to  a  bar  in  a  Cornish  furnace  (coke-fired). 
Amalgam  contains  33-37  per  cent  fine  gold,  and  mercury  con- 
sumption is  O'05-O'l  oz./ton  milled. 

(2)  SoltUion  Clarificcition 

Solution  from  calcine  treatment  and  tailing  treatment  is  clarified 
in  four  filter-bottomed  clarifying  tanks,  each  16  ft.  in  dia.  by  5  ft. 
with  about  12  in.  of  sand  on  the  bottom.  Clean  river  sand  is  used. 
Suspended  soHds  are  filtered  out  and  clear  solution  flows  to  the^ 
zinc  boxes. 

(3)  Precipitation 

Three  six-compartment  zinc  extractor  boxes  are  in  use,  each 
compartment  being  2  ft.  by  2  ft.  6  in.  by  2  ft.  3  in.,  giving  a  total 
volume  of  162  cu.  ft.  About  10  lb.  of  solid  cyanide  is  added  to  the 
boxes  per  day.  The  boxes  are  *  dosed  '  daily  with  lead  nitrate, 
about  |-pint  of  10  per  cent  solution  being  added  to  each  box. 

Precipitation  is  fairly  efficient,  box  tails  containing  about 
0*02  dwt.  gold  per  ton.  Copper,  if  present,  may  cause  trouble 
owing  to  the  zinc  becoming  plated  :  this  can  be  overcome  in  part 
by  the  lead  nitrate  '  dosage.'  Li  addition  to  gold  and  silver  a 
great  deal  of  base  metal  is  precipitated — lead  (from  the  lead 
nitrate),  iron,  antimony,  and  arsenic  have  all  been  ifound,  and  also 
sulphides.  Xo  *  white  precipitate  '  has  been  found  as  on  the  Rand. 
Filiform  zinc  is  purchased,  either  cut  on  a  lathe  or  *  spun.' 

(4)  Chan-wp 

Zinc  boxes  are  cleaned  up  once  a  month.  All  zinc  from  the 
first  two  or  three  compartments  is  dissolved  in  dilute  sulphuric 
acid  in  a  wooden  tub  with  stirrer.  The  balance  of  the  zinc  is 
jigged  in  wire  screens  in  a  bath  of  dilute  acid  in  the  open  air  to 
cle&n  off  impurities  and  is  then  returned  to  the  first  compartment. 
New  zinc  is  then  added  to*fill  the  boxes  after  being  dipped  in  lead 
nitrate  solution. 

The  washings  and  excess  liquor  from  the  boxes  are  pumped 
through  a  filter  press  and  the  slime  is  then  removed  and  added  to 
the  acid  tub.  This  is  filled  with  clear  water  and,  after  settling, 
the  clear  water  is  decanted  off  and  a  second  wash  applied  in  the 
same  way.  The  settled  slime  is  then  filter-pressed  and  dried  by 
blowing  air  thnmgh  it.  The  pressed  slime  is  removed  from  the 
press  and  roasted  in  an  oxidizing  atmosphere  in  a  calcining  furnace 
(three- tray,  single  compartment).  The  filter  press  is  a  24-in. 
Johnson  press,  served  by  a  2-in.  Gwynne  acid-resisting  pump. 

The  calcine  shme  is  charged  into  pots  (No.  100)  lined  with  clay 
Hners.  200  oz.  slime,  with  about  20  per  cent  borax,  20  per  cent 
fluorspar,  35  per  cent  silica  and  2J  per  cent  fine  iron,  is  charged 
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into  each  pot.  No  oxidizer  is  added.  The  pots  are  smelted 
6  to  8  at  a  time  in  an  8-pot  reverberatory  furnace,  poured  into 
batton  moulds  and  allowed  to  set.  Buttons  are  chipped  off  and 
remelted  into  bars. 

The  ^er-pressed  slime  contains  about  1-2  per  cent  fine  gold, 
ealcined  slime  2-5  per  cent  fine  gold,  and  bullion  is  about  900-970 
per  1,000  fine  gold. 

POWER  GENERATION   AND   DISTRIBUTION 

The  power  plant  is  rather  heterogeneous,  having  been  added 
to  from  time  to  time  during  the  life  of  the  mine.  There  are  two 
centres  of  generation.  At  the  central  power  station,  next  to  the 
reduction  works,  the  prime  movers  are  three  Crossley-Premier 
865-h.p.  4-cylinder  horizontal  gas  engines,  each  of  which  drives  a 
2Sa-kW  2,200-V.  B-phase  50-cycle  alternator.  The  gas  is  produced 
from  bituminous  coal  in  three  Crossley  '  F  '  type  9  ft.  6  in.  by  8  ft. 
dia.  gas  producers,  the  gas  passing  through  scrubbers,  tar  extractors, 
and  filters  before  being  drawn  into  the  engine  cylinders.  Also  at 
the  central  power  station  is  a  600-h.p.  4-8troke,  8-cylinder  Nelseco 
diesel  engine  (from  a  scrapped  submarine)  driving  a  800-kW 
alternator ;  and  a  200-h.p.  Ruston  4-stroke,  double-cylinder, 
horizontal  diesel  engine  driving  a  128-kW  alternator.  The  other 
power  station  is  at  the  Weigel  shaft,  where  there  are  four  Babcock 
and  Wilcox  single-drum  hand-fired  boilers.  A  200-h.p.  Allen  high- 
speed, compound,  non-condensing  steam  engine  is  direct  coupled 
to  a  125  kVA  alternator,  which  is  used  to  drive  the  West  Mill  and 
is  not  synchronized  with  the  central  power  station.  Steam  from 
this  station  is  also  used  for  the  Weigel  hoist  and  for  a  Belliss 
air-compressor. 

The  total  monthly  output  of  power  is  approximately  420,000 
kWh  at  a  cost  of  l-83d./imit  generated. 

Power  is  transmitted  to  the  Jack  and  Monarch  sections  Ijv 
overhead  lines  supported  on  steel  poles,  using  copper  conductt^rs 
of  0-06  sq.  in.  cross-sectional  area.  To  reduce  line  losses,  3-phase 
transformers  situated  near  the  central  power  station  step  up  the 
generated  voltage  to  6,600-V.  Step-down  transformers  at  liiw 
tenninal  points  reduce  voltage  to  2,200.  Power  is  supplied  to  (he 
reduction  works  at  generated  voltage  (2,200).  For  underground 
purposes,  the  voltage  is  stepped  down  to  500  and  for  lighting,  surface 
and  underground,  to  220. 

COMPRESSED   AIR 

Air  compressors  are  situated  at  the  chief  shaft  heads.  At  tlu- 
Weigel  there  is  a  Belliss  and  Morcom  vertical,  steam-driven  com- 
pressor,  2,000  c.f.m.,  and  a  Worthington,  horizontal  tandem,  steam- 
driven  compressor,  500  c.f.m.  :  at  the  central  power  station  there 
is  an  Ingersoll-Rand  horizontal  compn^ssor,  750  c.f.m.,  driven  by 
a  130-h.p.  electric  motor.  These  units  supply  air  to  the  W^eigel 
and  Free  State  mines,  to  the  reduction  works  and  to  the  workshops. 
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At  the  Monarch  mine,  air  is  supplied  from  a  Sullivan  angle 
compressor,  450  c.f.m.,  driven  by  a  75-h.p.  motor,  and  a  Hobx^ 
yertical  compressor,  180  c.f.m.,  driven  by  a  General  Motors  dieset 
engine.  At  the  United  Jack  mine,  the  compressors  are  an 
Ingersoll-Band  horizontal,  700  c.f.m.,  driven  by  a  120-h.p.  electric 
fnotor  and  a  Dingier  horizontal,  400  c.f.m.,  driven  by  an  80-h.p. 
electric  motor.  Two  portable  compressors,  a  Holman  180  c.f.m., 
and  a  Le  Eoi  210  c.f.m.,  supply  air  for  the  Gravelotte  mine. 

The  monthly  total  of  air  compressed  is  approximately  110,000,000 
cu.  ft.  at  a  cost  of  8-79d./l,000  cu.  ft. 

WATEK  SUPPLY 

The  main  water  supply  comes  from  the  Letaba  River,  on  which 
the  company  has  a  pump  station  about  14  miles  distant  from  the 
Weigel  shaft.  Here  there  are  two  units,  each  serving  as  a  standby 
for  the  other.  The  first  unit  consists  of  an  8-8tage  Pulsometer 
pump  driven  through  a  countershaft  by  a  66-h.p.  Euston  horizontal 
single-cylinder  diesel  engine  ;  off  the  same  countershaft  is  driven  a 
7J-kW  D.C.  generator,  which  supplies  power  to  the  small  river 
pump.  Connected  to  the  suction  side  of  this  pump  is  a  booster 
pump  (Pulsometer  3-stage)  driven  also  through  a  countershaft  by 
a  28-h.p.  Tangye  oil  engine.  The  second  unit  consists  of  a  10-stage 
Harland  pump  belt-driven  by  a  120-h.p.  Euston  six-cylinder 
vertical  diesel  engine  :  a  standby  D.C.  generator  can  also  be  driven 
by  this  engine. 

;  The  river  pumping  unit,  which  is  mounted  on  a  trolley  that  can 
be  moved  by  a  crab-winch  up  or  down  a  track  according  to  the 
height  of  the  river,  consists  of  a  Pulsometer  single-stage  centrifugal 
pump  driven  by  a  7J-kW  D.C.  motor.  Suction  is  by  a  4-in.  hose 
equipped  with  foot  valve  and  delivery  by  a  4-in.  pipe  line  through 
a  strainer  to  a  20,000-gal.  masonry  dam,  which  also  serves  as  a 
cooling  dam  for  the  engine  jacket  water. 

The  rising  main  to  the  mine  is  a  6-in.  dia.  galvanized  pipe  line 
(buried)  with  screwed  joints  and  flanges  at  every  200  ft.  The  line 
delivers  to  two  40,000-gal.  galvanized-iron  tanks  situated  on  the 
top  of  Maid  of  Athens  kop.  There  is  sufficient  static  head  at  this 
height  to  feed  to  any  part  of  the  central  area. 

Each  pumping  unit  is  capable  of  delivering  10,000  gal.  of 
water /hr.  to  the  mine,  the  actual  delivery  being  about  220,000 
giil./24  hr.  The  cost  per  1,000  gal.  delivered  is  Is.  0'93d.>  and 
per  ton  milled,  8-47d. 

In  addition  to  the  above  water  70,000  gal. /day  is  pumped  from 
the  Weigel  shaft,  12,000  gal. /day  from  the  Banded  Ironstone  shaft, 
and  2,000  gal./day  from  the  old  Free  State  shaft.  The  cost  of 
underground  pumping  is  1 -533. /ton  milled. 

Water  from  the  Letaba  Eiver  contains  a  great  amount  of 
suspended  solids  during  the  summer  months  and  is  unsuitable  for 
domestic  purposes.  Eecontly  a  filter  plant  has  been  constructed 
to  overcome  this  defect.     Water  from  a  reservoir  passes  through  a 
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meter  and  ball  valve  to  a  1,000-gal.  sU*ady  head  tank,  from  which 
it  flowB  through  a  regulating  valve  down  a  wooden  launder  into 
the  first  compartment  of  the  filter.  At  the  head  of  the  launder, 
two  wooden  boxes,  containing  respectively  10  per  cent  solutions  of 
alam  and  sodium  alaminate,  drip  feed  into  the  stream,  the  quantity 
of  reagent  added  varying  between  IJ  lb.  and  5  lb.  of  each  per 
10,000  gal.  of  water,  according  to  the  dirtiness  of  the  water.  No 
automatic  feed  is  used  fpr  the  reagents  :  with  practice,  a  native 
attendant  can  set  the  feed  as  required.  A  beaker  of  treated  water 
is  taken  daily  from  the  end  of  the  feeding  launder  and  tested  for 
flocculation  and  pB.  value  by  the  assayer. 

After  leaving  the  launder  the  water  travels  through  three 
iiettling  compartments  in  series,  the  overflow  from  each  compart- 
ment decanting  into  the  next.  Coconut  libn*  matting  curtains  are 
hung  in  the  settling  pits  across  the  flow  of  the  water  to  reduce 
turbulence.  The  three  settling  pits  are  drawn  off  every  2  hjours 
through  2-in.  sludge  pipes  when  the  river  is  in  flood  and  at  8-hr. 
intervals  when  the  river  is  normal. 

At  the-  end  of  the  third  settling  compartment,  a  cross-launder 
delivers  the  water  to  either  of  two  lilter  compartments.  These 
have  4-in.  pipes  with  3-in.  laterals  drilled  with  -j^-in.  holes  laid  oii 
the  bottom  and  connected  through  invrrtt»d  U -tubes  to  a  short 
launder  dt^livering  to  the  clear  wattT  n*s(^rvoir.  The  collector 
pipes  are  covered  for  a  depth  of  4  in.  with  tninus  l^-in  crushed 
stone,  then  6  in.  of  ininus  |-in.  gravel  and  4  ft.  of  coarse  river  sand. 
The  filter  beds  are  cleaned  as  required  by  water  under  pressure  and 
air  at  a  pressure  of  5  Ib./sq.  in.  being  forced  up  through  from  th«^ 
bottom  and  running  away  through  a  pipn  placed  just  over  the 
tilt«T  beds.  The  filter  beds  havt*  a  capacity  of  80-gal./sq.  ft./hr. 
and  are  capable  of  a  nuich  larger  throughput  than  the  pref^ent 
1.250,000  gal. /month.  During  its  i)apsage  through  the  short 
launder  into  the  clear  water  reservoir,  the  wat(T  is  sterilized  bv 
the  addition  of  2  lb.  of  chloride  of  Vun^  and  1  lb.  of  annnoniuui 
chloridt*  per  100,000  gal.,  f<Ml  at  10  p(*r  cmt  concentration  from 
gla«s  bottles. 

LABOrK 
The  total  European  labour  force  is  11 G.  ina<le  up  as  follows  : 

Administ rativo  and  secretarial    S 

Medical,  compound  and  polic<*    3 

Mining     30 

Engineering    .lO 

Surveying,  sampling  and  assaying     7 

Geological  3 

Reduction  works  15 

116 


Of  these,  31  are  monthly  paid  olficials  imd  iIk^  remainder  day's 
pay  workers. 
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The  total  native  labour  force  is  1 ,030,  made  up  as  follows  : 

Mining    368 

Reduction , works  228 

Engineering    271 

Compound 69 

Offices 35 

Survey    14 

Assay 7 

Sanitation  18 

Diamond  drilling  20 

1,030 

The  tribal  classification  of  natives  employed  is  : 

Tran8V€kal  Basutos    85 

TransvaeJ  Shangaans   90 

Rhodesian  Shangaans  70 

Rhodesian  Blant3rre6    225 

East  Ck)ast  Sliangaans 560 

1.030 


The  surrounding  country  is  sparsely  populated  by  natives  and 
practically  all  employees  engaged  come  from  further  afield.  All 
labour  is  voluntary  and  the  company  has  no  recruiting  agents. 
Natives  are  engaged  on  a  four-months'  service  contract,  but  mostly 
work  on  far  beyond  this  period.  The  mine  has  a  good  name  among 
the  natives,  but  owing  to  the  great  demand  for  native  labour 
difficulty  is  experienced  in  maintaining  the  required  labour  force. 

MEDICAL   AND  SOCIAL   SERVICES 

The  company  employs  a  full-time  medical  officer  and  maintains 
a  native  hospital.  European  cases  are  sent  to  Leydsdorp  hospital, 
which  is  13  miles  distant.  There  is  a  strong  Benefit  Society 
covering  members  and  their  dependants  against  ailments  which 
are  outside  the  company's  responsibihty. 

About  two-thirds  of  the  European  employees  live  in  company 
houses  or  in  the  mess  quarters  which  the  company  provides  for 
the  single  employees  :  the  remainder  live  in  houses  of  their  own 
construction.  A  building  construction  programme  is  in  progress. 
Houses  are  built  of  bricks  with  thatch  roofs,  th(»  bricks  being 
machine-made  on  the  mine  from  a  mixture  of  9  parts  screened 
boiler  ash  to  1  part  cement.  ^ 

The  district  is  malarious,  but  the  company's  houses  are  well 
screened  and  cases  of  fresh  malarial  infection  in  residents  are  rare. 
A  regular  programme  of  internal  spraying  with  DDT  is  carried  out 
during  the  summer  months  and  pyagra  is  available  free  at  all  times 
to  employees. 

A  recreation  club  with  canteen,  library',  and  billiard  room  has 
been  built  by  the  company,  and  facilities  are  provided  for  tennis, 
swimming,  boxing,  and  rugby  football ;    there  is  a  cinema  show 
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twice  a  week.    A  Government  primary  school  exists  on  the  property 
which  has  at  present  about  120  pupils. 

Native  labour  is  controlled  by  a  compound  manager.  The 
compound  is  better  described  as  a  native  village,  .since  it  is 
unenclosed  and  boys  are  allowed  to  have  their  wives  and  families 
living  with  them.  Huts  are  built  of  wattle  and  daub  with  thatch 
roofs.  The  company  maintains  a  large  vegetable  garden  and  meat 
is  purchased  from  local  butchers.  Eations  consisting  of  mealie 
meal,  vegetables,  and  meat  are  issued  uncooked.  An  organized 
native  association  football  club  exists  and  regular  matches  are 
played  on  the  compound  field.  There  is  a  mission  school  in  the 
compound  for  native  children  and  the  native  teacher  also  conducts 
adalt  classes  in  the  evenings.  A  cinema  show  is  given  in  the 
compound  once  a  week. 

Compound  feeding  costs  for  1947  were  6*26d. ;  hospital  expenses, 
l*25d.,  and  other  compound  expenses,  2*8d.,  all  per  shift  worked. 
The  percentage  of  shifts  lost  through  sickness  was  0-71. 

COSTS 

The  costs  given  in  Table  I  are  for  the  year  1947.  Advantage  is 
bang  taken  of  the  present  good  price  of  antimony  to  carry  out  a 
heavy  development  programme,  extensive  renewals  of  equipment^ 
and  improvements  in  facilities  which  are  reflected  in  working  costs. 

Table  I 

Cost  per  ton  fnilled 
Shillinga 

Stoping   7-41 

Developing 4*85 

Diamond  drilling  0-55 

Hoisting      5-00 

Pumping     1-53 

19-34 

Transport  of  ore    2-36 

Sorting  and  crushing    1  -64 

Roasting 1*35 

Tube  milling 5-49 

Flotation    4-93 

Cyaniding  2-05 

15-46 

General  expenses — ^mine 5*14 

General  expenses — ^head  office     0-88 

Gold  realization  charges  0-10 

Total   43-28 


The  unit  prices  of  commodities  delivered  on  the  mine  given  in 
Table  II  are  presented  for  comparison  purposes  : 
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Table  II 

B.  d. 

Mining  timber,  per  cu.  ft 1  1 

50  per  cent  anunon.  dynamite,  per  50-lb.  case...  29  8 

J-in.  hexagon  hollow  drill  steel,  per  lb •  7J 

Cement,  per  94-lb.  pocket   3  5 

Diesel  oil,  per  gal 1  3f 

Lubricating  oil,  per  gal 6  6 

Petrol,  per  gal 2    ,2 

Goal,  per  ton 26     6 

3-in.  .steel  Imlls,  per  lb 2|  ^ 

Cyanide,  per  lb QJ 

Sulphuric  acid,  per  lb 3^ 

Xanthate  301,  per  lb 1     6 

Lead  nitrate,  per  lb 9 

Mealie  meal,  per  90-lb.  bag     12  11 

Compound  meat,  per  lb 5 

I 
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The  sraall-scale  plan  showed  mines  on  the  Far  East  Band,  the 
bend  in  the  reef,  and  also  the  important  position  occupied  by 
No.  5  Shaft  in  opening  up  a  new  and  a  key  area,  as  the  farm  Withok 
to  the  south  had  not  been  touched  except  for  bore-holes,  and  there 
was  an  almost  unknown  area  to  the  west.  From  the  commence- 
ment this  mine  had  needed  courage  and  optimism  in  its 
development,  and  perhaps  the  greatest  courage  was  shown  in  the 
decision  taken  in  1945  to  sink  vertical  and  sub- vertical  shafts  to 
the  Main  Keef  Leader,  which  was  expected  to  lie  at  a  depth  of 
between  7,000  and  8,000  ft. 

The  larger-scale  plan  showed  Van  Dyk  with  its  neighbours, 
E.R.P.M.,  New  Kleinfontein,  and  Brakpan  mines,  and  the  pay- 
shoot  which  had  kept  Van  Dyk  going.  The  length  on  the  strike, 
in  a  N-&:  direction,  of  the  Van  Dyk  property  was  about  5  miles, 
while  its  width  on  the  dip,  in  an .  E-W.  direction,  was  about 
2J  miles. 

The  decision  to  sink  No.  5  vertical  and  subvertical  shafts  to  a- 
great  depth  had,  therefore,  to  be  taken  without  any  knowledge  of 
the  width  or  value  of  the  reef,  such  as  might  have  been  gained  from 
bore-holes  or  underground  workings  in  the  vicinity.  The  share- 
holders had  had  to  forego  dividends  to  pay  for  the  shafts,  and  the 
producing  area  of  the  mine  had  to  be  subjected  to  secondary  and 
tertiary  development  because,  as  happened  so  often  on  the  Far 
East  Rand,  when  primary  development  was  poor  in  value, 
subsequent  splitting  up  of  large  blocks  by  subsidiary  development 
exposed  payable  blocks  in  a  seemingly-unpayable  area. 

Mr.  Reid  then  read  Mr.  Blunt 's  own  introductory  notes  which 
he  had  sent  to  the  Institution,  as  follows  : 

*  Shaft  sinking  must  always  play  an  important  r61e  in  mining, 
particularly  where  lodes  lie  at  depth.  Improvements  in  technique 
in  this  work  are  of  vital  interest,  as  shafts  are  sunk  on  a  capital 
charge  and  expenses  are  heavy  with  no  revenue  with  which  to 
offset  such  expenses.  Whore  depths  up  to  and  over  6,000  ft.  are 
normal  the  question  of  ventilating  the  workings  is  of  vital 
importance.  This  is  a  governing  factor  in  determining  the  shape 
of  shafts. 

*  The  elliptical  shaft  is  not  new  by  any  means  ;  such  shafts  were 
sunk  half  a  century  ago  and  were  lined  with  dressed  stone. 
Examples  of  this  are  still  existent  in  many  parts  of  Britain, 
although  it  is  doubtful  whether  the  reasons  for  sinking  such  shafts 
were  identical  in  the  past  with  those  of  the  present.  The  present- 
day  elliptical  shaft  is  essentially  designed  to  give  the  hoisting 
capacity  of  the  rectangular  shaft  with  the  ventilating  capacity 
of  the  circular  shaft.  The  No.  5  shaft  at  Van  Dyk  is  intended 
to  hoist  a  minimum  of  100,000  tons  per  month,  as  well  as  to  carry 
a  minimum  of  600,000  c.f.m.  of  air  to  the  deep-level  workings  of 
the  mine.  As  the  workings  in  this  area  are  estimated  to  be  at  a 
depth  of  from  6,000  ft.  to  possibly  9,000  ft.  or  even  10,000  ft. 
vertical  depth  from  surface,  ventilating  capacity  is  a  major 
problem.     It  is  the  author's  considered  opinion  that  more  heat 
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can  be  dissipated  by  large  quantities  of  air  circulating  in  a  mine 
than  by  smaller  quantities  of  conditioned  air  being  employed. 
The  cost  of  conditioning  air  is  exorbitant  a^  compared  with  that  of 
using  fans  to  circulate  large  quantities  of  air.  Shafts  on  the 
Witwatersrand  have  to  be  large  to  handle  the  men,  material  and 
rock  usually  associated  with  this  field,  so  that  if  one  adds  shape 
to  these  large  shafts,  air  capacity  may  also  be  obtained. 

*  Speed  of  sinking  has  received  the  attention  of  mining  engineers 
for  a  very  long  period  in  southern  Africa,  so  that  due  consideration 
to  this  aspect  must  be  given.  In  both  rectangular  and  circular 
shafts  30  years  ago  300  ft.  of  sinking  in  a  month  had  been  accom- 
plished. From  that  time  on  world  records  were  constantly  broken. 
The  West  Hand  Consolidated  raised  the  record  for  one  month's 
sinking  to  420  ft.  in  1929  ;  Vlakfontein  Gold  Mining  Company  in 
1936  sunk  422  ft.  in  one  month  ;  in  1940  West  Rand  ConsoHdated 
again  raised  the  figure  to  454  ft.  in  one  month,  and  in  1941  Van  Dyk 
Consolidated  Mines  sunk  461  ft.  in  a  month.  Lined  shafts  had,  of 
course,  not  gone  down  at  such  speeds  as  these,  although  Crown 
Mines  and  New  Modderfontein  had,  I  think,  sunk  800  or  more  feet 
in  a  month  in  lined  circular  shafts. 

'  It  was  our  opinion  that  in  order  to  place  a  monolithic  concrete 
lining  in  a  shaft  and  obtain  some  measure  of  speed  the  shuttering 
f^hould  b(»  of  a  pennanent  nature,  as  in  the  use  of  temporary 
shuttering  time  has  to  be  lost  waiting  for  concrete  to  sot  and  also 
in  withdrawing  the  shuttering.  For  this  reason  the  concrete  bricks 
wore  designed. 

'  The  use  of  a  clamshell  for  cleaning  out  a  shaft  should  help 
to  speed  up  the  work  in  European  countries  where  labour  for  this 
work  is  not  as  freely  obtainable  as  in  South  Africa.  It  is  this 
availability  of  labour  which  makes  the  footages  sunk  here  possible, 
as  the  general  aim  is  to  clean  out,  blow  over,  drill,  and  blast  at 
l^^ast  a  4-ft.  round  per  shift,  providing  no  difficulties  are  encountered 
with  water,  bad  ground,  etc.  To  introduce  a  mechanical  con- 
trivance for  this  work  is,  however,  more  difficult  here,  as  the  feeling 
is  that  it  is  easier  for  the  ganger  to  supervise  70  or  80  shovellers 
than  to  learn  to  operate  any  machine.  The  mechanical  tradition 
i>5  not  yet  strongly  enough  developed  to  b(^  a  great  deal  of  assistance 
to  mining  engineers  in  South  Africa. 

'  The  care  used  in  employing  16  plumb  bobs  in  setting  up  the 
curb  ring  at  each  lift  of  walling  was  definitely  worth  while,  since 
when  the  shaft  was  completed  and  the  equipping  with  steel  buntons 
at  10-ft.  centres  was  commenced,  the  whole  shaft  was  equipped, 
including  the  installation  of  the  steel  guides,  in  a  period  of  7  weeks. 
The  buntons  were  placed  by  means  of  a  jig  hung  on  the  four  stage 
ropes.  This  jig  was  held  in  position,  once  the  buntons  had  been 
correctly  positioned,  by  four  jack  bars  and  the  buntons  were  then 
grouted  in  the  bunton  pockets  with  wet  concrete  (rapid-hardening). 
An  average  of  10  sets  of  buntons  per  day  was  accomplished  by  this 
means'. 


40  T.    L.   BLUNT  :     THE    SINKING    OF    NO.    5   SHAFT, 

Concerning  the  grab  Mr.  Blunt  had  written  to  the  speaker  : 

*  From  the  British  and  European  standpoint,  one  of  the  biggest 
points  in  the  paper  is  the  use  of  the  grab  for  cleaning  out  a  shaft 
where  labour  is  not  as  plentiful  as  it  is  here.  The  Priest  man 
level-cut  grab  is  much  more  suited  to  cleaning  spoil  out  of  a  shaft 
than  the  ordinary  clamshell,  as  it  has  the  action  of  two  scraper 
scoops  being  drawn  towards  each  other,  and  therefore  it  is  able  to 
pick  up  even  the  most  diflBcuIt  rock.  There  were  certain  improve- 
ments which  we-  made  on  a  model  which  would  be  most  difficult  to 
explain  in  an  airmail  letter  but,  should  anyone  be  interested,  it 
could  be  covered  in  a  drawing*. 

The  author,  being  a  mechanical  and  mining  engineer,  was 
obviously  regretful  tliat  the  grab  experiment  was  discontinued. 
Under  *  Labour  '  on  p.  12  he  said  that  the  underground  complement 
was  98  natives  per  shift  and  of  these,  say,  70  were  shovelling  broken 
rock  towards  or  into  the  bucket.  Assuming  that  a  perfected  grab 
would  save  half  that  labour,  there  would  bo  a  saving  of  100  natives 
on  the  three  shifts  ;  multiplying  that  by  the  16  large  shafts  being 
sunk  in  the  Odendaalsrust  and  Far  West  Rand  areas,  it  would 
seem  that  the  grab  was  as  important  in  the  Transvaal  as  anywhere 
in  the  world,  particularly  as  there  had  not  been  a  sufficiency  of 
native  labour  in  the  last  20  years. 

The  cleaning  out  of  a  round  in  the  confined  space  of  a  vertical 
shaft  by  a  gang  of  Basutos  working  on  contract  was  something  to 
be  seen  to  be  believed.  They  established  themselves  in  rows  on 
both  sides  of  the  bucket,  the  natives  on  the  front  bent  low  and  threw 
the  rock  upwards,  while  the  natives  in  the  intermediate  and  back 
rows  threw  the  rock  with  their  shovels  perhaps  20  ft.  horizontally 
at  a  high  velocity  over  the  heads  of  the  front  row  to  land  with  a 
thud  against  the  inside  of  the  skip  or  bucket.  The  unwary  visitor, 
however  important,  found  himself  unceremoniously  pushed  to  the 
sidewall  if  he  got  in  the  way.  One  felt  that  a  lasher  in  the  front 
row  had  a  poor  chance  of  survival  should  he  raise  his  head  above 
the  top  of  the  bucket.  It  would  have  been  noticed,  however,  that 
over  the  period  of  21  months  there  were  only  3  fatal  and  199  non- 
fatal accidents,  of  which  only  75  were  reportable — by  which  was 
meant  that  the  injured  person  was  incapacitated  from  doing  his 
normal  work  for  14  days  or  more — an  average  of  3-6  per  month. 
Quite  a  few  of  the  75  were  eye  injuries  due  to  blowing-over  before 
drilling  commenced. 

Mr.  Blunt  had  told  him  that  the  sequence  of  carrying  on  with 
the  sinking  of  the  sub- vertical  was  delayed  owing  to  the  fact  that 
the  stage  hoist  arrived  16  months  and  the  main  winder  18  months 
late,  and  also  because  water  had  been  encountered  numerous 
times.  Whenever  water  was  struck  work  had  to  be  stopped  in 
order  to  cement  it  off,  which  was  a  tedious  job  and  wasted  a 
tremendous  amount  of  time.  The  sub-vertical  had  reached  a 
depth  of  1,400  ft.  at  the  present  time  (November,  1948). 

The  hydraulic  cylinders  for  taking  up  differences  of  less  than 
1  ft.  in  the  length  of  the  stage  ropes  (mentioned  at  the  bottom  of 
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the  second  page  of  the  paper)  were  mounted  directly  on  the  stage. 
Each  piston  and  crosshead  was  in  guides  and  the  crosshead  was 
attached  to  the  guide  rope  by  means  of  a  strap.  Four  were  used 
and  all  that  was  needed  for  trimming  was  to  release  a  little  oil 
from  the  required  cylinder  or  to  pump  them  a  little  with  a  portable 
pump.    This  was  much  quicker  than  turnbuckle  adjustment. 

Concerning  the  birdcaging  of  the  main  winding  ropes  (also  second 
page),  Mr.  Blunt  informed  him  that :  *  Birdcaging  starts  by  making 
the  rope  look  like  a  mild  form  of  corkscrew  and  later  develops  into 
a  complete  opening-up  of  the  strands.  Its  cause  is  obscure,  some 
engineers  being  of  the  opinion  that  it  is  a  fault  in  the  making  of  the 
rope.  Personally,  I  think  our  trouble  was  due  to  the  deflections 
we  were  using.  Li  ordinary  winding  it  is  usually  due  to 
light  grooves  in  the  sheaves  or  on  the  drums  of  the  hoist,  or  both'. 

Ik  was  interesting  to  record  that  the  110-hole  round  consisted 
of  6-ft.  6-in.  holes  in  an  endeavour  to  obtain  a  6-ft.  round.  The 
average  tonnage  hoisted  was  40  tons  per  ft.  advanced,  so  that 
after  a  good  round  was  blasted  the  shovelling  crew  was  faced  with 
the  task  of  cleaning  out  240  tons.  The  average  time  to  clear  a 
round  was  5-5^  lirs.  on  a  trouble-free  run. 

In  the  second  paragraph  of  the  section  *  Progress  and  Alterations  ' 
it  would  be  noticed  that  the  author  said  that  the  curb  ring  was 
placed  on  matt  packs,  that  is,  sections  of  4  or  5  short  timbers, 
joined  side  by  side,  each  timber  usually  being  2  ft.  6  in.  long  by 
r»  in.  wide  and  4  in.  high.  The  curb  ring  was  removed  after  the 
completion  of  each  lift  of  concrete,  so  that  the  bricking  and  its 
concrete  backing  were  self-supporting.  The  bricking  and  concrete 
till  were  as  strong  as  a  monolithic  concrete  wall  in  that  each  course 
was  a  combination  of  four  horizontal  arches,  which  were  tightened 
l>.v  the  pressure  of  the  concrete  fill.  It  seemed  a  feat  of  masonry 
that  nearly  4,000  ft.  of  vertical  eUiptical  shaft  with  a  long  axis  of 
35  ft.  and  short  axis  of  15  ft.  had  been  bricked  with  sufficient 
Jtccuracy  of  workmanship  and  high  quality  of  material  to  render- 
'um«»cessary  the  periodic  support  of  the  bricking  by  the  con- 
ventional curbs  supported  on  the  side  wall  of  the  shaft. 

Including  the  first  two  months,  December,  1945,  and  January. 
1946,  when  only  70  ft.  and  64  ft.  were  advanced  during  the  learning 
IH*riod,  and  despite  the  delay  in  September,  1946,  due  to  cementing 
«  water  fissure  and  the  delav  in  three  of  the  first  four  months  of 
HH7  due  to  rope  trouble,  the  average  monthly  footage  sunk  and 
lined  for  the  21  months  was  181  ft.,  a  high  average  which  reflected 
the  detailed  planning  and  careful  organization,  as  well  as  the 
t'o-operation  received  from  the  men  doing  the  work  both  under- 
f^round  and  on  the  surface. 

The  sinking  of  vertical  shafts  had  been  of  peculiar  interest  and 
••^il^ifieance  to  mining  engineers  on  the  Witwatersrand  since  the 
days  toward  the  end  of  the  last  century  when  plans  were  imple- 
mented first  by  the  engineers  of  Consolidated  Goldfields  of  South 
Africa  to  sink  what  were  then  deep -level  shafts  of  between  3,000 
and  4,000  ft.  in  depth.     Shaft  names  such  as  Bhodes,  Catlin,  and 
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Howard,  on  what  was  now  the  Simmer  and  Jack  Mines,  had  been 
followed  50  years  later  in  the  same  mining  group  by  the  Annan 
Shaft  at  Doornfontein  Gold  Mining  Co.  on  the  Far  West  Band. 

Close  connection  between  the  Band  and  the  Institution  in 
respect  of  shaft  sinking  had  been  maintained  since  the  earliest 
days.  In  preparing  his  notes  the  speaker  had  read  the  section 
headed  *  Shafts  '  in  Vol.  I  of  the  Papers  and  Discussions  for  the 
years  1942-1945  of  the  Association  of  Mine  Managers  of  the 
Transvaal.  He  thought  that  a  debt  of  gratitude  was  due  to  the 
Transvaal  Chamber  of  Mines  for  publishing  those  papers,  which  were 
classics  in  their  respective  fields  and  he  hoped  that  they  were  avail- 
able to  all  members  of  the  Institution.  In  that  volume,  in  his  intro- 
ductory notes  on  his  paper  (p.  103),  *  Some  notes  on  the  re-opening 
of  the  Catlin  Shaft  of  the  Simmer  and  Jack  Mines,  Ltd.,'  Mr.  H.  H. 
Taylor  referred  to  Professor  Truscott's  book,  Tlie  Witwatersrand 
Goldfields,  as  follows :  *  As  Truscott  says,  **  All  the  rates  of 
sinking  which  are  now  being  made  are  very  great  advances  on  those 
of  two  or  three  years  ago,  when  50  ft.  per  month  was  a  fair  average 
over  an  extended  period  ".'  The  date  of  publication  of  Professor 
Truscott's  book  was  1902  and  the  period  referred  to  was  1898. 

In  the  same  volume  there  was  a  paper  by  Mr.  J.  Daniel,  bearing 
particular  reference   to   the   Union   Corporation   Group,   entitled 

*  Notes  on  the  design  of  an  elliptical  shaft,'  which  was  introduced 
by  the  author  early  in  1945,  at  a  time  of  great  shaft-sinking  activity' 
on  producing  mines.  Many  contributions  of  the  greatest  interest 
were  made  to  the  discussion,  in  particular  by  managers  of  mines 
on  which  elliptical  shafts  were  being  sunk.  In  Daniel's  paper 
reference  was  made  to  the  constructional  details  of  the  Band's 
new  vertical  shafts  given  by  Brigadier  B.  S.  G.  Stokes  in  his  paper 

*  Becent  developments  in  mining  practice  on  the  Witwatersrand  ' 
which  was  presented  to  the  Institution  in  November,  1935,  at 
another  period  of  intense  shaft-sinking  activity  both  on  producing 
and  non-producing  mines.  In  October,  1941,  a  paper  by  B.  B. 
Smart  entitled  '  Some  notes  on  the  sub-vertical  shafts,  Vlakfontein 
Gold  Mining  Co.,  Ltd.'  was  submitted  for  discussion  before  the 
Institution  after  having  been  introduced  by  the  late  Colonel  Edgar 
Pam. 

Those  few  examples,  out  of  many,  illustrated  the  personal  touch 
which  had  been  maintained  between  members  of  the  Institution 
and  shaft  sinking  on  the  Band,  and  Mr.  Blunt's  paper  was,  in 
effect,  a  thread  in  a  pattern  spread  over  many  years — a  varied 
pattern,  because  shafts,  like  human  beings,  had  their  own  problems 
and  idiosvncrasies,  and  no  two  were  alike. 

The  speaker  asked,  '  What  of  the  future  ?  '  Perhaps  they  could 
learn  from  the  past.  In  1930  before  the  Union  went  off  the  gold 
standard  there  were  four  non-producing  but  developing  mines 
whose  shaft-sinking  footage  was  3,546  ft.  In  1935  the  equivalent 
figures  were  eighteen  mines  and  16,710  ft.  In  1940  the  war  brought 
the  figures  back  to  four  and  3.708  ft.,  in  1945  to  one  and  the  footage 
nil.     The  climax  of  the  present  vertical  shaft-sinking  programme. 
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due  to  past  and  continuing  discoveries  in  the  Orange  Free  State, 
would  probably  not  be  reached  until  1950  or  later,  but  in  the  mean- 
time it  was  of  interest  to  summarize  the  vertical  shafts  being  sunk 
at  the  present  time  on  non-producing  mines. 

New  ConsoUdated  Goldfields  (iroup  accounted  for  six ;  on 
Doomfontein  the  Annan  Shaft  and  No.  1  Shaft  were  both  circular, 
with  inside  diameters  22  ft.  1  in.  and  24  ft.  1  in.  and  estimated 
final  depths  4,500  and  5,500  ft.  respectively.  On  West  Driefontein, 
o!  Nos.  1,  2,  8,  and  4  shafts,  the  first  and  the  last  two  were  circular, 
22  ft.  1  in.  inside  diameter,  with  estimated  final  depths  of  4,500  ft., 
while  No.  2  was  elHptical  with  long  axis,  inside  concrete,  of  33  ft.  1  in. 
and  short  axis  16  ft.  7  in.,  and  with  an  estimated  final  depth  of 
5,500  ft.  The  vertical  shafts  on  Libanon,  Venterspost,  and 
Vlakfontein  had  recently  been  completed,  and  on  Vogelstruisbult 
the  elliptical  shaft  (33  ft.  long  axis  and  16  ft.  6  in.  short  axis, 
inside  concrete)  was  more  than  6,000  ft.  in  depth,  with  an  estimated 
final  depth  of  6,500  ft. 

On  non-producing  mines   in  the   Anglo    American  group,  the 

Welkom  Gold  Mining  Co.  had  two  vertical  sinking  shafts.  Free 

State  Geduld  Mines  one,  and  Western  Holdings  two,  while  on  the 

President   Steyn   shaft-sinking  had  not    yet  commenced.     No.  2 

shaft  on   Welkom  was  a  seven-compartment  rectangular  shaft, 

46  ft.  by  10  ft.  with  concrete  bearers  throughout,  no  timber  being 

used  in  its  construction.     That  type  of  shaft  was,  he  believed, 

being  adopted  as  standard  by  the  Anglo  American  group  in  the 

Orange  Free  State. 

In  the  Barnato  group,  the  Free  State  Development  and  Invest- 
ment Corporation  (*  Freddies  ')  had  four  sinking  shafts  in  its  large 
leased  area,  two  in  the  north  and  two  in  the  south.  Those  were 
rectangular  shafts  47  ft.  by  1 1  ft.  6  in.  inside  timbers,  with  estimated 
final  depths  in  the  north  of  5,600  and  5,300  ft.,  and  in  the  south, 
5,600  and  5,700  ft. 

Last,  but  by  no  means  least,  Union  Corporation,  which  was 
first  in  the  Orange  Free  State  field  at  St.  Helena,  had  completed 
a  30^  inclined  shaft  and  was  now  sinking  No.  4  vertical  shaft, 
elhptical  in  shape,  with  long  axis  approximately  40  ft.  and  short 
axis  approximately  12  ft. 

In  conclusion,  the  speaker  thanked  Mr.  Blunt  for  giving  him 
the  privilege  of  introducing  his  paper.  He  wished  to  leave  with 
members  an  impression  of  the  independence  of  thought  and  action 
shown  by  the  engineers  of  the  different  mining  groups  in  their 
approach  to  shaft-sinking  problems,  and  to  express  the  hope  that 
an  even  closer  contact  would  be  maintained  between  them  and 
the  Institution  in  their  present  and  future  activities. 

He  also  thanked  Mr.  C.  T.  Pott,  of  Union  Corporation,  for 
lending  of  the  slides  he  had  exhibited. 

Mr,  Jack  Spalding  said  that  during  a  recent  visit  to  the 
Band  he  had  the  pleasure  oi  being  shown  by  the  author  the  work 
described  in  the  paper.     The  author's  design  of  concrete  brick  to 
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form  a  mould  for  the  monolithic  linmg  of  the  shaft  had  much  to 
recommend  it,  as  the  time  taken  to  remove  steel  shuttering  was 
saved.  He,  the  speaker,  was  prepared  to  find  that  when  the 
concrete  was  poured  it  would  tend  to  bulge  the  bricks  inwards  on 
the  sides  of  the  shaft,  but  saw  no  evidence  of  that  when  riding  down 
in  the  bucket.  He  understood  that,  during  pouring,  the  concrete 
in  the  ends  was  kept  a  little  in  advance  of  that  on  the  sides. 

When  he  saw  the  primary  shaft  it  was  very  wet,  considering 
that  it  was  to  serve  workings  8,000  ft.  deep,  where  the  provision 
of  air  with  a  low  wet-bulb  temperature  was  essential.  It  was 
anticipated  by  the  stafif,  however,  that  the  natural  self-sealing 
properties  of  the  water  would  close  all  the  smaller  fissures  within  a 
year.  Certainly  a  number  of  points  which  had  obviously  been 
making  water  in  the  past  were  already  dry  :  nevertheless,  in 
sinking  the  secondary  shaft,  the  policy  was  to  cement  every  fissure, 
thus  causing  many  delays.  It  would  be  interesting  to  hear  in  due 
course  whether  the  small  fissures  left  unsealed  in  the  primary  shaft 
did  eventually  dry,  up. 

On  p.  10  there  was  a  small  error  in  the  text — the  *  48-ft.  Brown 
fan  '  should,  of  course,  be  *  48-in.\ 

The  sliding  pipe  within  the  main  fan  pipe  for  rapid  extension 
and  withdrawal  for  blasting  was  an  excellent  idea.  The  amount 
of  air  drawn  into  the  small  space  at  the  junction,  and  therefore 
lost  to  the  sink,  was  not  large,  as  the  resistance  to  flow  of  the  short 
length  of  smaller  diameter  pipe  was  trivial.  That  method  had 
much  to  recommend  it.  The  Rand  practice  of  interconnecting 
the  lights  with  the  signal  bell  was  also  an  excellent  one,  for  it 
was  impossible  to  hear  any  signal  in  a  shaft  sink  when  the  machines 
were  running,  whereas  the  temporary  flicker  of  the  lights  was 
immediately  obvious  to  all  without  being  sufficient  to  hinder 
operations. 

The  author  mentioned  the  erection  of  a  central  wall  to  divide  the 
shaft,  after  completion,  into  two  portions  for  ventilation  purposes. 
That  was  common  Rand  practice  with  elliptical  shafts.  The 
method  used  in  other  mines  there  was  to  cast  a  groove  down  the 
concrete  lining  of  the  shaft  on  both  sides  and  on  completion  of 
sinking  to  build  a  wall  across  from  groove  to  groove,  either  of 
monolithic  concrete  or  of  precast  concrete  beams  lowered  into 
place  and  rested  one  on  top  of  the  other.  There  seemed  to  be 
several  disadvantages  to  this  method.  First,  the  shaft  sides  were 
weakened  by  the  groove  made  in  them,  although  in  the  ver}''  good 
standing  ground  on  the  West  Rand  that  did  not  seem  to  matter. 
Secondly,  several  weeks'  extra  time  was  taken  to  build  up  the 
central  wall  during  which  no  other  work  could  be  done  in  the 
shaft.  Thirdly,  the  wall  was  not  available  to  provide  two-way 
ventilation  until  after  sinking  was  completed. 

There  would  seem  therefore  to  be  a  good  case  for  casting  the 
central  wall  integrally  with  the  lining  during  sinking,  which  would 
incidentally  strengthen  that  lining  considerably.  That  would  be  of 
particular  advantage  on  the  Far  West  Rand,  where  sinking  was 
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done  through  very  bad  ground.     The  stronger  construction  of  the 

lining  would  permit  the  use  of  a  very  fiat  ellipse — the  most  desirable 

shape  for  fitting  the  equipment  into  the  shaft.     In  bad  ground  the 

elliptical  shape  could  be  departed  frojn  in  favour  of  two  segments 

of  circles  backing  on  the  central  wall  as  a  common  chord.     Other 

advantages  of  monolithic  construction  of  lining  and  centre  wall 

were  that  no  appreciable  extra  time  would  be  taken  in  sinking 

and  as  soon  as  the  shaft  were  down  it«would  be  ready  for  equipping. 

Further,  with  a  central  wall,  fan  pipes  would  not  be  necessary 

and  with  a  low  water  guage  fan  a  very  much  larger  supply  of  fresh 

air  could  be  provided  for  the  sinkers  than  when  piping  was  used. 

Thus  the  sinkers  could  return  down  one  side  of  the  shaft  while  the 

blast  smoke  went  up  the  other. 

There  would,  of  course,  be  a  number  of  practical  difficulties 
to  be  overcome  in  instituting  such  a  method  of  sinking  and  lining. 
It  would  be  necessary  to  divide  the  Galloway  stage  into  two  separate 
pieces,  one  in  each  part  of  the  shaft.  There  was  no  insuperable 
objection  to  this.  It  would  also  be  necessary  to  leave  a  window  in 
the  central  wall  for  communication  between  the  two  sides,  and 
for  the  supply  of  concrete  mix  from  the  one  side  to  the  other  when 
the  concrete  being  poured  was  being  joined  up  to  that  already  in 
place  above.  Those  windows  could  be  built  up  solid  as  soon  as  the 
lift  of  concrete  was  complete. 

He  would  congratulate  the  author  on  the  practical  way  in 
which  he  had  described  the  operation,  tlms  rendering  the  paper  of 
maximum  value  to  mining  engineers. 

Prof.  J,  A.  S.  Ritson  said  he  assumed  that  the  shaft  was  required 
for  hoisting  as  well  as  ventilation,  otlierwise  he  saw  no  reason  why 
its  shape  should  not  be  circular  instead  of  eUiptical.  Circular 
shafts  up  to  3,000  ft.  in  depth  and  25  ft.  finished  diameter  were  at 
present  being  sunk.  Those  shafts  each  carried  four  skips  or  cages 
and  h*ft  ample  room  for  ventilation  and  service  pipes,  etc.  A 
circular  section  ehminated  the  inherent  weaknt^ss  of  an  ellipse 
which  was  bound  to  be  unstable  unless  the  prolongation  of  the 
smaller  radius  passed  through  the  centre  of  the  larger  circle.  When 
bricks  were  laid  in  bond,  the  junction  of  the  two  arcs  was  bound  to 
van-,  hence  the  weakness  at  the  junction. 

With  regard  to  the  rope,  a  Lang's  lay  rope  was  notoriously 
liable  to  twist.  He  assumed  that  the  outer  strands  were  given  a 
clock-wise  twi.st  and  the  inner  strands  an  anti-clockwise  twist. 
Solid  wire  cores  were  rarely  satisfactory,  because  the  core  tended 
to  break  into  short  lengths.  He  did  not  think  there  was  any 
justification  for  a  solid  core  unless  the  rope  was  going  to  be  wrapped 
in  two  layers  on  the  hoisting  drum.  With  a  drum  of  14  ft. 
diameter,  there  did  not  appear  to  be  any  necessity  for  double 
wrapping,  because  the  fleet  angle  would  not  be  excessive. 

The  breaking  strain  of  the  rope  was  high,  a  more  usual  figure 
being  lOO-llO  tons  for  li-in.  rope.  That  might  mean  the  use  of 
'  extra  special '  improved  plough  steel  for  the  wires.     He  had 
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found  that  the  higher  the  breaking  strain  of  an  individual  wire  the 
more  brittle  it  became. 

Birdcaging  or  spiralling  were  much  the  same  thing  ;  birdcaging 
occurred  in  ropes  with  crossed  lays  and  spiralling  in  ropes  of 
unidirectional  lays. 

Rotation  of  a  rope  about  its  own  axis  was  a  common  cause  of 
trouble.  He  asked  if  the  tread  of  each  pulley  was  a  correct  fit  for 
the  rope — i.e.,  diameter  of  tread  6-10  per  cent  greater  than  diameter 
of  rope.  Was  it  possible  that  one  of  the  pulleys  (deflection  or  head- 
frame)  was  not  properly  aligned  in  the  temporary  lay-out  ?  If  so, 
the  rope  would  land  on  the  inside  of  one  flange  and  have  to  roll 
down  into  the  tread,  thus  upsetting  the  balanced  lays  of  the  rope. 

The  President  said,  apropos  of  Mr.  Reid's  remarks,  that  the 
paper  under  discussion  was  only  one  of  a  series  of  interesting  papers 
on  the  subject  he  understood  their  friends  in  South  Africa,  the 
Chemical,  Metallurgical  and  Mining  Society  of  South  Africa,  were 
about  to  publish  in  the  form  of  a  symposium.  The  President  of 
that  Society,  Mr.  F.  G.  Hill,  was  at  the  Meeting  and  he  extended  a 
welcome  to  him  and  hoped  he  would  be  able  to  make  some  remarks. 

Mr.  F.  G.  Hill*  said  that  an  approach  had  been  made  to  the 
six  mining  groups  of  South  Africa  asking  whether  they  would  be 
prepared  to  give  their  most  up-to-date  knowledge  of  shaft  sinking 
for  a  symposium  planned  by  the  Chemical,  Metallurgical  and  Mining 
Society  of  South  Africa.  They  were  all  very  helpful  and  for  the 
next  three  months  two  papers  would  be  presented  at  each  meeting 
of  the  Society,  each  giving  the  views  of  the  representative  of  a 
particular  group.  Most  groups  could  provide  from  experience  the 
most  up-to-date  information  on  shaft  sinking,  and  the  Orange 
Free  State  would  receive  a  good  deal  of  attention.  He  had  been 
in  the  Orange  Free  State  the  previous  month  and  it  seemed  to  him 
that  all  the  shafts  were  going  to  be  rectangular,  with  the  exception 
of  St.  Helena.  Mr.  Reid  had  said  that  the  shafts  were  47  ft.  by 
11  ft.  6  in.  inside  diameter,  but  his  own  recollection  was  that  the 
dimensions  were  inside  the  concrete.  In  other  words,  it  would 
bo  a  concrete  curn  steel  shaft  and  a  significant  change  in  shaft- 
sinking  practice. 

On  the  Central  Rand,  generally  speaking,  timbered  shafts  had 
been  the  rule  for  years,  and  on  one  of  the  mines  with  which  he  was 
associated  they  were  about  to  sink  a  deep-level  shaft  and  a  special 
vertical  shaft  to  go  down  to  8,000  ft.  There  was  a  conflict  of  ideas — 
some  people  favoured  timbered  shafts,  others  steel  and  concrete — 
and  figures  were  prepared  to  see  the  difference  it  would  make  in  the 
amount  of  air  going  down  the  timbered  shaft  and  the  concrete 
shaft.  The  results  were  startling.  It  was  found  that  with  the 
same  water  gauge  the  timber  would  take  down  700  c.f.ni.,  whereas 
with  a  steel  and  concrete  shaft  there  would  be  1,800  c.f.m.  It  was 
tremendously  important  to  have  a  large  volume  of  air  in  a  shaft 

♦President  of  the  Chemical,  Metallurgical  and  Mining  Society  of  South 
Africa. 
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8,000  ft.  deep  ;  indeed,  it  was  the  most  important  single  factor. 
If  there  was  a  small  volume  of  slowly-moving  air  it  heated  up  so 
quickly  that  it  did  not  give  the  relief  which  was  derived  from 
quickly-moving  volumes  of  air.  The  East  Rand  Proprietary  mine 
calculated  that  the  saving  on  power  costs  on  sending  down 
900,000  cu.  ft.  was  tremendous,  and  that  it  would,  in  fact,  pay  to 
spend  up  to  £85  extra  per  ft.  to  put  in  steel  and  concrete — that 
figure  being  equivalent  to  the  extra  power  which  would  be  needed 
in  a  timbered  shaft  in  15  years. 

Those  were  interesting  facts.  What  was  being  done  in  the 
Orange  Free  State  was  significant.  A  great  deal  of  thought  had 
been  given  to  the  best  type  of  shaft  for  the  hot  conditions  which 
prevailed  in  those  areas,  and  in  the  forthcoming  symposium 
reasons  would  be  given  for  the  way  the  shafts  were  being  designed, 
li  was  important  to  know  not  only  how  a  shaft  was  constructed, 
but  the  reasons  why  a  particular  shape  was  adopted.  He  thought 
the  discussions  after  the  papers  would  be  most  illuminating.  It  was 
intended  to  have  discussions  not  at  the  meetings  when  the  papers 
were  presented,  but  at  further  meetings,  so  that  the  views  of  all 
the  people  interested  in  the  subject  could  be  heard. 

The  President  thanked  Mr.  Hill  for  his  contribution,  and  said 
that  it  had  been  suggested  that  the  Listitution  might  like  to  have 
copies  of  that  very  interesting  series  of  papers  and  after  tho  meeting 
he  proposed  to  discuss  the  proposal  with  Mr.  Hill. 

Mr.  J.  B.  Richardson  said  it  was  a  great  pity  that  the  successful 
attempt  to  clean  out  the  broken  rock  from  the  shaft  bottom 
mechanically  had  to  be  abandoned  for  the  reasons  given.  Could 
uot  the  operational  training  on  the  machine  be  mostly  done  on  the 
surface,  Europeans  induced  to  operate  it  and  the  power  transformed 
down  to  a  much  lower  voltage  ?  The  much-discussed  serious 
shortage  of  native  underground  workers,  coupled  with  the  large 
future  shaft-sinking  programme  outhned  by  a  previous  speaker, 
sorely  justified  the  cost  of  investigating  from  every  angle  the  use 
of  such  machines.  On  the  Rand,  where  groups  were  constantly 
co-operating  in  so  many  other  ways,  might  not  the  expense  be 
shared  by  those  groups  concerned  in  sinking  deep  shafts  in  the 
near  future  and  not  borne  wholly  by  a  single  company  that  had 
already  half-completed  their  shaft  ? 

In  June,  1948,  a  compressed-air  operated,  power-shovel  type  of 
machine  was  described  that  was  operating  successfully  after  many 
months'  work  in  an  American  mine.  The  timbered,  rectangular, 
17-ft.  by  7-ft.  shaft  was  smaller  than  the  one  described  in  the  paper. 
It  was  wet  and  the  rock  hard  to  drill  and  blast.  It  was  claimed 
that  that  machine  could  be  operated  by  two  men  and  could  clean 
the  shaft  in  a  third  of  the  time  taken  by  hand-shovelling. 

His  sympathies  were  with  the  author  who  was  forced  to  stop 
working  on  an  ingenious  and  labour-saving  mechanism  which, 
perfected,  might  have  benefited  shaft-sinking  operations  all  over 
the  world.     He  hoped  he  would  be  given  another  chance. 
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CONTRIBUTED  REMARKS 

Mr.  H.  C.  T.  Brown :  This  is  an  interesting  and  practical 
paper,  which  raises  one  or  two  points  regarding  the  use  of  concrete 
in  shaft  hnings  that  call  for  some  criticisms,  as  they  appear  to 
violate  accepted  standards  of  the  application  of  concrete. 

From  the  author's  description  and  from  the  dimensions  given 
in  Fig.  2,  it  seems  safe  to  assume  that  the  principal  object  of  the 
pre-cast  brickwork  was  to  form  shuttering,  and  that  the  strength 
of  the  brickwork  in  itself  was  of  secondary  importance,  the  poured 
concrete  constituting  the  lining  proper.  An  adverse  factor  of 
considerable  importance  in  the  use  of  such  permanent  shuttering 
is  that  the  concrete  placed  behind  it  can  have  no  opportunity  of 
becoming  properly  cured  and  that  it  will  not  develop  its  maximum 
strength.  Proper  curing  of  the  concrete  cannot  take  place  before 
the  shuttering  has  been  struck  and  the  surface  of  the  concret-e 
exposed  to  the  atmosphere.  If  the  brick  wore  of  substantial  design 
and  constituted  the  main  strength  of  the  lining,  the  nature  of  the 
back-filling  would  have  less  importance.  With  regard  to  the 
hollow  spaces  enclosed  by  the  sides  of  the  brick  it  seems  doubtful 
whether  the  whole  would  be  filled  with  poured  concrete,  particu- 
larly the  undersides  t)f  the  top  face,  and  whether  proper  adherence 
would  be  obtained  with  the  surfaces  of  the  brick.  The  leaving  of 
cavities  in  this  space  and  of  honey-combing  at  the  surfaces  of  the 
brick  seem  difficult  to  avoid  unless  an  excessively  wet  (and  weak) 
mix  were  used,  and  unless  adequate  tamping  were  done.  No 
mention  is  made  of  the  nature  of  the  mix,  apart  from  a  statement 
of  aggregate  proportions  ;  its  water  content,  slump,  etc.,  are  not 
given.  Proper  tamping  would  appear  to  be  impossible  in  the 
spaces  enclosed  by  the  bricks,  particularly  when  at  least  two 
courses,  or  40  in.,  are  left  unfilled  above  the  top  of  the  concrete. 
The  use  of  wooden  dowels  for  connecting  the  segments  is  a  further 
source  of  non-homogeneity  in  this  section  of  the  lining.  Under 
these  circumstances,  the  bricked  section  of  the  lining  contributes 
little  to  the  total  strength. 

The  use  of  the  *  octopus  '  is  a  great  tiiiu*-  and  labour-saving 
device.  This  method  of  placing  concrete  is  not  recommended 
if  a  first-class,  impermeable  lining  is  required,  however,  because  of 
the  great  height  from  which  the  concrete  nmst  fall  from  the 
receptacle.  Although  no  figures  are  given  in  the  text,  the 
impression  is  that  the  concrete  travels  through  a  vertical  distance 
of  25-30  ft.  During  each  discharge  the  heavier  constituents 
bi^come  segregated  near  the  bottom,  with  the  final  result  that  a 
lining  of  variable  consistency  is  obtained.  Tlie  careful  preparation 
of  the  aggregates,  grading,  washing,  mixing,  etc.,  are  wasted  if 
the  concrete  is  to  be  mishandled  in  placing.  Is  the  author  con- 
vinced that  he  has  obtained  a  lining  of  adequate  strength,  and  of 
impermeable  construction,  that  w^ill  withstand  the  stressing  caused 
by  heavy  traffic  running  on  rigid  guides  ?     It  might  be  argued  that 
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a  fining  of  thinner  section  and  of  really  first-class  construction 
made  with  steel  shuttering,  with  careful  placing  and  tamping,  or 
pneumatic  vibration,  etc.,  would  have  proved  no  more  costly. 
It  may  well  be  that  the  reduced  volume  of  ground  to  be  excavated, 
raised  and  disposed  of,  reduction  in  the  quantities  of  materiab 
used,  and  of  power  consumption,  and  so  on,  in  the  case  of  the 
thinner  lining,  would  have  permitted  as  great  a  saving  in  time  and 
in  cost  as  that  gained  by  the  use  of  permanent  shuttering  in  a  shaft 
of  this  size.  Would  the  author  state  what  proportion  of  the  total 
cost  of  the  concrete  lining,  as  shown  in  Table  III,  is  for  permanent 
shattering,  and  would  he  give  the  lining  thicknesses  employed  at 
different  depths  of  the  shaft  ? 

In  regard  to  the  use  of  common  bricks  as  an  experiment  in  the 
eftrly  stages  of  the  sinking,  and  with  which  it  was  apparently  the 
intention  to  line  the  whole  shaft,  apart  from  the  time  factor  and 
the  need  for  bricklayers,  it  would  have  been  thought  that  the  fact 
that  ventilation  difficulties  were  to  be  expected  would  have 
dismissed  any  idea  of  using  this  type  of  lining.  The  shaft  rubbing- 
surface  friction  on  the  air  current  becomes  an  important  factor  in 
deep  shafts  and  the  relatively-smooth  surface  of  poured  concrete 
compared  with  ordinary  brickwork,  particularly  after  the  brickwork 
has  been  in  place  for  some  time  and  requires  pointing,  offers 
considerable  advantages  in  this  respect. 

It  is  a  pity  that  the  mechanical  mucker  was  not  in  operation 
for  a  sufficient  length  of  time  to  enable  the  author  to  give  results 
of  it-8  performance  and  to  allow  of  some  comparison  with  other 
types  of  shaft  mucker.  Would  it  not  be  possible  to  adapt  the 
machine  to  compressed  air  for  use  in  wet  conditions  ?  It  is  not 
clear  how  the  skeleton  is  supported  in  the  shaft ;  the  lower  end 
appears  to  rest  on  the  material  being  excavated  and  seems  to  be  in 
danger  of  being  undercut.  Is  the  machine  supported  directly  by 
its  hoisting  rope  during  operation  ?  An  independent  form  of 
support  would  seem  to  be  preferable.  Has  the  driver  some  form 
of  protection,  other  than  his  hat,  from  falling  material  ? 
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DISCUSSION   ON 

Diamond -Drill  Blast-Hole  Practice  at  the  Roan 

Antelope  Copper  Mine* 

By  H.  F.-C.  Nevill,  Associate,  and  W.  K.  Burqesb,  Assodaie 

The  President  said  that  the  second  paper  presented  for 
discussion,  dealt  with  diamond-drill  blast-hole  practice  at  the 
Roan  Antelope  copper  mine.  The  joint  authors  were  sectional 
and  acting  sectional  engineers  for  Eoan  Antelope  Copper  Mines, 
Ltd.,  and  had  presented  a  most  interesting  paper  on  that  com- 
paratively new  mining  technique.  It  was  an  excellent  example 
of  the  value  of  such  papers  in  disseminating  knowledge  for  the 
general  advancement*  of  mining  practice. 

Diamond-drill  blast-hole  practice  already  had  applications 
probably  not  thought  of  when  it  was  first  used,  and  the  presentation 
of  the  paper  describing  experience  would  stimulate  ideas  and 
further  applications  of  the  practice.  Unfortunately  both  authors 
were  in  Africa  but  Mr.  R.  M.  Peterson  was  present  and  had  under- 
taken to  introduce  the  paper. 

Mr.  R.  M.  Petersont  regretted  the  absence  of  the  authors  who 
had  colh^cted  and  recorded  considerable  data  on  the  practice  of 
diamond  blast-hole  drilling  at  Roan  Antelope  over  a  period  of 
five  years  from  its  inception  in  1942.  The  paper  covered  a  wide 
tield  and  included  a  reference  to  the  get)logy  and  to  the  mining 
methods  employed  at  Roan  Antelope  in  which  the  use  of  diamond- 
drills  playt^d  a  part.  It  might  be  useful  at  that  stage  to  make 
■H)me  reference  to  the  mining  conditions  which  existed  at  that  time 
^nd  which  bore  a  relation  to  the  date  on  which  diamond-drilling 
became  an  active  progrannne. 

^^^en  tht?  Roan  Antelope  mine  started  production  in  1931  the 
factors  which  were  important  in  deciding  a  choice  of  mining 
l^ethods  were  :  (i)  the  primary  necessity  for  a  low-cost  method, 
ip  order  to  siuvive  at  the  prevailing  low  cost  of  copper,  and 
(ii)  the  nf»ed  for  effective  use  of  native  labour,  which  had  no  oppor- 
t^itv  to  become  trained  and  which  in  anv  event  did  most  effective 
^ork  in  repetitive  operations.  For  those  reasons  a  sub-level 
method  was  decided  upon  and  adapted  to  the  dips  varying  from 
^^  to  90°.  Pillars  of  the  minimum  size  were  left.  In  several 
**^tion8  of  the  mine  the  stopes  were  carried  without  leaving  any 
pillars  until  such  time  as  the  hanging  caved  and  the  maximum 
8pan  which  could  be  carried  was  determined  by  experience.     From 

^BuU.  604.  Nov.,  1948. 

fTechnical  Director,  Roan  Aiitelope  Copper  Mines,  Ltd.,  and  Mufulira 
Copper  Biines,  Ltd. 
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a  production  point  of  view  it  was  necessary  to  lay  out  the  pillars 
80  that  the  opening  of  the  next  stope  could  be  don&  in  a  systematic 
manner  and  a  regular  production  provided  from  the  various  sections 
of  the  mine. 

That  'method  of  mining  was  successful  and  offered  no  difficqitieB 
until  the  mine  approached  the  820-ft.  level.  Previously,  local 
caving  had  taken  place  and  in  some  cases  had  broken  through  io 
surface.  Complete  relief  was  obtained  in  some  areas,  but  not  in 
all.  As  a  result,  pressures  were  built  up  which  made  it  neceesary 
to  adopt  a  new  method  of  mining  which  reUeved  those  pressures. 

Conditions  varied  between  the  flat  dip  sections  at  the  eastern 
end  of  the  mine  and  the  steeply-dipping  sections  on  the  limbs. 
In  the  flat-dipping  sections  a  soft  schist  occurred  below  the 
economic  foot- wall.  That  distributed  the  pressure  and  also 
caused  ihe  pillars  to  punch  into  the  foot- wall.  Complete  caving 
could  not  take  place  under  those  conditions  and  the  pressure  was 
transmitted  to  the  working  faces  so  that  a  considerable  amount 
of  timbering  had  to  be  done  concurrently.  In  the  steeply-dipping 
section  the  open  sub-level  stopes  had  been  carried  from  the  820-ft. 
level  to  the  oxide  zone,  which  was  roughly  at  the  100-ft.  level. 
Those  high  stopes  wore  successfully  mined  and  then  partial  caving 
of  the  hanging-wall  took  place  and  in  some  cases  the  caving  took 
place  to  surface  and  the  stopes  were  filled  with  the  caved  material. 
The  result  was  that  the  hanging-wall  was  not  broken  and  the 
cantilever  beam  exerted  pressure  on  the  workings  at  the  base  of 
the  fulcrum.  It  was  necessary,  therefore,  to  break  that  cantilever 
beam  and  the  first  application  of  blast-hole  drilling  took  place  in 
that  connection.  Previously  that  shearing  had  been  done  by 
means  of  powder  tees. 

The  paper  described  the  drilling  of  those  blast-holes  in  Section  II. 
The  holes  were  drilled  to  create  a  line  of  weakness  bv  shearing  the 
hanging- wall  beds.  .  The  work  was  very  successful. 

The  principle  used  in  all  the  new  methods  was  to  work  out  a 
small  unit  in  a  short  space  of  time  and  to  break  and  partly  recover 
the  pillar.  No  support  was  left  and  the  country  had  to  cave 
progressively  once  the  initial  break-through  had  been  accomplished. 
Diamond  drilling  fitted  into  that  programme,  because  the  drilUng 
could  be  done  ahead  of  time  and  therefore  the  number 'of  days 
required  to  work  out  the  stope  was  governed  largely  by  the  rate 
at  which  the  broken  material  could  be  drawn  through  the  draw 
point,  rather  than  the  time  consumed  in  drilling  and  blasting. 

The  authors  had  gone  into  great  detail  in  describing  the  various 
applications  of  diamond  drilling  and  he  was  certain  they  would  be 
glad  to  reply  to  any  questions  which  might  be  put  forward.  As 
to  the  mining  methods,  the  members  of  the  Roan  Antelope  organiza- 
tion would  be  very  glad  to  enlarge  on  any  of  those  aspects  which 
might  l)t»  of  interest.  The  authors  had  concluded  with  a  note  on 
the  probable  trend  of  blast-hole  drilling  at  the  mine.  The  tendency 
was,  he  thought,  to  take  advantage  of  diamond  blast-hole  drilling 
in  the  lay-out  of  new  mining  methods. 
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Mr.  A..  R.  O.  Williams  said  that  he  was  glad  to  hear  Mr. 
PeterBon  say  that  his  company  would  supply  further  details  of 
the  Roan  stoping  practice.  The  description  in  the  paper  was 
rather  too  concise  and,  to  him,  difficult  to  follow. 

On  the  main  theme  of  the  paper  he  had  one  or  two  comments  to 
make.  The  authors  in  their  discussion  of  the  relative  merits  of 
small  and  large  diameter  holes  at  the  end  of  the  paper  stated  that 
the  larger  ones  gave  better  fragmentation.  That  rather  surprised 
him.  During  the  recent  war  he  had  been  associated  with  the 
excavation  of  some  large  chambers  in  a  hard  limestone  at  Gibraltar. 
Some  of  them  were  stoped  with  diamond  drills  and  their  experience 
was  that  the  larger  the  diameter  of  the  holes  the  smaller  the 
Dumber  required,  but  the  higher  the  proportion  of  large  blocks  in 
the  spoil  and,  therefore,  the  greater  the  amount  of  secondary 
blasting.  They  had  tried  diameters  up  to  3  in.,  but  found  that 
approximately  1^  in.  was  the  most  suitable  dimension. 

Priming  of  the  holes  at  the  Eoan  was  with  Cordtex,  which,  he 
assumed,  meant  that  a  length  of  Cordtex  lay  along  the  full  length 
of  each  hole.  He  would  like  the  authors  to  give  further  details  of 
their  practice.  He  had  himself  used  that  method,  but  on  one 
occasion  an  explosion  occurred  during  the  charging  of  a  horizontal 
hole  which  injured,  not  seriously,  the  charger  and  his  helper  and 
killed  a  miner  who  was  passing  beneath  the  drilled  ground.  That 
accident  was  very  closely  investigated  and,  although  the  cause 
was  not  definitely  established,  it  was  thought  to  be  due  to  the 
Cordtex.  It  seemed  that  the  brass-jointed  drain  rods  that  were 
being  used  for  charging  the  powder  had,  durmg  their  forward  and 
backward  movement  over  the  Cordtex,  kinked  and  then  split  the 
wall  of  the  latter  where  it  bridged  one  of  the  small  fissures  coniuionly 
found  in  the  limestone  of  that  locahty  and  had  spilled  out  some  of 
the  filling.  Experiment  had  shown  that  whereas  Cordtex  did  not 
detonate  when  struck  quite  heavily  the  filling  itself  was  highly 
sensitive  to  even  light  blows. 

He  was  particularly  interested  to  read  that  Piuropean  wornt^n  did 
the  diamond  setting  at  the  Roan.  He  had  beu^i  told  on  more  than 
one  occasion  that  the  acquisition  of  this  craft  requin^d  many  years 
of  apprenticeship,  but  he  recalled  that  at  Gibraltar  two  R.E. 
sappers,  with  no  experience  of  diamond  setting  or,  in  fact,  of 
diamond  drilling,  had,  after  a  few  weeks'  training  with  the  Royal 
Canadian  Engineers,  done  the  work  with  great  success. 

In  Table  IV  under  *  Blasting  factor  '  the  reference  to  80  per  Cf*nt 
collars  was  not  clear. 

On  p.  9  the  authors  stated  that  two  bits  of  different  (liauiet»^rs, 
an  Ax  and  an  Ex,  penetrating  at  similar  rates,  had  sustained 
similar  diamond  losses.  He  might  have  misunderstood  tht'ir 
argument  but  it  seemed  to  him  that  the  larger  bit  had  doni'  more 
work  and  that  therefore  the  diamond  loss  per  foot  drillt'd  would 
have  been  greater. 

AssembUes  of  observations  covering  extensive*  and  well-pla!in«*d 
tests  such  as  had  been  carried  out  at  th(^  Roan  and  recordiMl  in  the 
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paper  were,  he  believed,  of  very  great  value  and  especially  so  to 
operators  of  the  smaller  type  of  mine  where  facilities  for  experi- 
mental work  were  often  much  restricted.  He  felt  that  all  would 
be  grateful  to  the  Roan  Antelope  Company  for  permitting  the 
excellent  paper  to  be  laid  before  the  Institution  for  the  benefit  of 
the  mining  industry. 

Mr.  G.  F.  Laycock  said  that  the  part  of  a  most  useful  and 
instructive  paper  which  he  found  of  particular  interest  was  the 
comparison  made  throughout  between  the  advantages  and  dis- 
advantages of  coring  bits  as  against  non-coring.  As  one  who  had 
been  on  the  side  of  coring  bits  for  a  long  time  past,  he  was  interested 
to  learn  that  the  trend  at  Roan  Antelope  was  away  from  non-coring 
types,  except  in  crushed  ground.  He  was  afraid  that  non-coring 
bit  enthusiasts  would  not  derive  much  satisfaction  from  the  paper, 
but  he  realized,  of  course,  that  no  two  mines  were  exactly  alike — 
so  much  depended  on  the  nature  of  the  ground  to  be  drilled.  One 
of  the  chief  advantages  claimed  for  non-coring  bits  was  that,  as 
there  was  no  core  to  pull,  there  was  less  delay,  since  there  was  no 
plugging  or  emptying  of  core-barrels.  It  was,  however,  often 
overlooked  that  even  with  non-coring  bits  it  was  necessary  to 
pull  and  grease  the  rods  at  frequent  intervals  which  took  up  time. 
In  crushed  ground  the  coring  bit  was  admittedly  at  a  disadvantage, 
but  he  was  not  at  all  sure  that  the  non-coring  bit  was  the  complete 
answer. 

He  appreciated  that  the  paper  was  about  diamond-drill  blast- 
hole  practice  and  consequently  any  reference  to  ordinary  rock-drill 
holes  might  be  out  of  place  but  he  wondered  whether  a  heavy-type 
rock-drill  specially  arranged  for  drilling  long  holes  had  been  tried 
and,  if  so,  with  what  results.  It  was  also  possible  that  that  kind 
of  drill-hole  might  obviate  a  great  deal  of  the  difficulty  experienced 
in  drilling  through  the  nianganiferous  gouge  containing  loose 
rounded  pebbles  on  the  foot- wall  of  the  ore  shales,  which  must  be 
a  drill  operator's  nightmare  ;  he  could  not  think  of  anything  more 
terrible  to  have  to  drill  through  with  diamonds. 

Very  little  reference  was  made  in  the  paper  to  the  length  of  the 
holes  drilled,  but  judging  from  some  of  the  sections  given  it  would 
appear  that  many  of  the  holes  were  comparatively  short.  There 
was  a  limit,  of  course,  to  the  depth  to  which  rock-drill  holes  could 
be  drilled,  but  it  might  be  of  interest  to  members  if  he  mentioned 
that  he  knew  of  one  mine  where  a  lot  of  that  kind  of  drilling  had 
been  done,  some  of  the  holes  reaching  100  ft.  or  more  in  length. 
The  trick  in  that  achievement  lay  in  the  design  of  the  rods  and  the 
coupHngs.  The  cost  of  that  particular  kind  of  drilling  for  short 
holes  was  only  a  fraction  of  the  cost  of  diamond  drilling. 

Mr.  J.  A'C.  Bergne  said  that  he  had  read  the  paper  with  great 
interest  as  he  was  on  the  Roan  Antelope  about  20  years  ago,  when 
they  were  just  starting  to  mine  after  the  initial  development  period, 
and  he  congratulated  the  authors  on  writing  an  interesting  account 
of  an  innovation. 
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The  greatest  item  of  cost  besides  labour  was  that  of  diamonds, 

and  he  noticed  that  the  diamonds  used  were  labelled  West  African 

lH>art,  at  a  eost  per  carat  of  15s.  or  approximately   $3,  which 

was  a  very  cheap  grade  of  diamond.     It  might  be  that  one  of  the 

oatstanding  reasons-  why  that  method  was  adopted  in  preference 

U}  ordinary  drilling  with  percussive  drills  was  that  the  diamonds 

were   exceedingly    cheap — the    present    market    price    for    West 

African  selected  boarts  was  several  times  that  figure.     It  would 

bf  interesting  if  the  authors  could  give  any  information  they  had 

as  to  any  experiments  made  with  different  types  of  diamonds. 

Ht^  would  have  thought  that  Congo  *  drill  rounds  '  which  were 

cheaper  would  have  suited  them  better  at  an  even  lower  cost. 

Another  point  was  the  character  of  the  ore  at  the  Eoan  Antelope. 
It  was  a  very  peculiar  rock  in  that  it  was  soft,  yet  strong  enough 
to  need  no  support  in  development  openings,  and  just  hard  enough 
to  avoid  the  clogging  of  drilNsteel  water-holes  with  a  muddy  sludge  ; 
thus  it  was  the  percussion  drillers'  ideal.  They  used  to  achieve 
nmtine  rounds  of  11  ft.  6  in.  and  better  with  mounted  machines 
and  even  hand-held  drills  used  regularly  to  obtain  7  f t.-6  in.  rounds 
in  one  shift  in  the  main  haulages,  so  that  under  those  conditions  it 
was  hard  to  understand  why  the  rock-drill  should  have  been 
discredited  for  the  stoping  as  distinct  from  the  drilling  of  the  long 
holes  t^>  bring  down  the  hanging- wall.  He  would  bo  very  interested 
if  the  authors  would  elucidate  that  point. 

.Mr.  D.  H.  Shute  wished  to  make  a  few  remarks  on  the  manu- 
far.tare  of  diamond  bits.  He  noticed  (p.  18)  that  some  difl&culty 
had  been  experienced  in  peening  the  diamonds  and  their  subse- 
quent brazing  in  handset  bits.  Also  there  had  been  some 
oritieism  that  mild  steel  was  insufficiently  resistant  to  abrasion 
wiien  used  for  the  bit  body. 

There  was  a  technique  which  had  proved  very  successful  in 
making  diamond  dressers  for  grinding  wheels  in  the  engineering 
indnstrj'  which  could  well  be  applied  to  handset  diamond  bits. 
The  method  consisted  of  hot-pressing  iron  or  bronze  powder  round 
thf  diamond  in  the  form  of  a  cylindrical  slug  of  diameter  slightly 
^t^ter  than  the  diamond,  which  was  set  at  one  end  of  the  slug. 
In  making  wheel  dressers  the  slug  was  pushed  into  a  hole  drilled 
in  the  end  of  a  steel  shank.  It  was  set  firmly  into  the  shank  by 
braxing,  using  an  acetylene  torch  and  one  of  the  commercial 
brazing  alloys.  That  method  of  setting  diamonds  was  not  nearly 
W)  expensive  as  it  sounded. 

The  abrasion  resistance  of  the  body  might  be  improved  by  using 
an  air  hardening  nickel-chrome  steel  instead  of  mild  steel.  It 
would  be  necessary  to  drill  and  turn  the  body  with  the  steel  in 
the  annealed  condition,  insert  the  hot-pressed  slugs,  and  then 
heat  the  body  to  about  900''C.  for  brazing.  Simple  air  cooling  from 
that  temperature  would  ensure  the  necessary  hardness  in  the  steel. 
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Comment  was  made  by  the  authors  that,  in  general,  the  matrix 
of  the  powder-set  bits  was  too  soft.  It  was  possible  by  powder- 
metallurgy  technique  to  achieve  almost  any  degree  of  abrasion 
resistance,  even  to  the  extent,  if  necessary,  of  setting  the  diamcmds 
in  a  cemented  carbide  matrix.  That  technique  had  proved 
successful  in  making  wheel  dressers.  In  most  rocks,  however, 
cemented  carbides  would  prove  excessively  abrasion  resistant  and 
would  probably  fail  to  wear  sufficiently  to  enable  the  diamonds  to 
be  free  cutting.  It  was  also  possible  to  provide  localized  areas  of 
the  bit  which  had  a  greater  abrasion  resistance.  Greatest  wear 
usually  took  place  on  the  periphery  and  around  the  water  holes. 
It  was  possible  to  introduce  powdered  cast  tungsten  carbide  into 
the  metal  powder  mix  in  those  areas  and  so  reduce  wear. 

Finally  the  speaker  asked  if  the  authors  had  had  any  experience 
of  reversed  water  flow  drilling  for  shot-holes. 

Dr.  A.  W.  Groves  said  that  it  would  be  of  general  interest  if  it 
could  be  made  clear  whether  the  average  price  mentioned  of  158. 
per  carat  was  based  on  standard  market  prices  or  whether  the 
company  was  in  a  specially-favoured  position  with  regard  to  the 
purchase  of  drilling  boart.  He  had  marked  recollections  of  the 
Boyal  Canadian  Engineers  giving  most  valuable  assistance  in 
diamond  drilUng  in  Great  Britain  in  1942  and  some  of  those  drillers 
were  very  fond  of  a  mixture  consisting  of  two-thirds  West  African 
drilling  boart,  costing  (at  that  time)  about  12s.  6d.  a  carat,  and 
one-tlurd  fine  brown  stones  at  80s.  a  carat.  The  fine  brown  stones 
were  a  little  smaller  than  the  drilling  boart.  Had  the  authors 
carried  out  any  experiments  with  mixtures  of  that  kind  ? 

Professor  J.  A.  S.  Ritson  referred  to  the  expression"  average 
dynamic  air  pressure '  used  by  the  authors  at  the  bottom  of  p.  8, 
and  asked  if  it  should  not  be  '  average  working  air  pressure  *. 

The  author  discussed  Ex  and  Ax  types  of  bit,  but  it  would  have 
been  much  more  useful  to  student  engineers  if  the  authors  had 
mentioned  what  the  various  '  x  's  meant. 

In  Table  IV,  one  column  was  labelled  *  loading  efficiency*,  etc. 
Did  that  not  mean  *  length  of  hole  to  contain  50  lb.  of  explosive  *  ? 
The  question  of  *  efficiency  '  did  not  appear  to  arise. 

Part  III  of  the  paper  was  headed  *  Theory  of  DriUing',  but  theory 
was  not  discussed  and  the  section  described  the  results  gained  from 
use  of  the  drills. 

Under  the  section  on  explosives  and  blasting  practice,  there  was 
a  reference  to  stemming,  and  he  noted  that  they  used  a  sand-day 
mixture.  That  was  introduced  many  years  ago,  but  was  beooming 
outmoded.  In  many  British  mines  a  coarse  sand  was  blown  into 
the  holes  by  a  compressed-air  injector,  and  was  working  very 
well,  giving  better  results  than  sand-clay  and  being  infinitely 
better  than  plain  clay,  or  no  stemming  at  all. 

Mr.  J.  B.  Richardson  said  that  it  was  stressed  at  the  be^nning 

of  the  paper  that  Eoan  Antelope  were  the  first  people  to  apply  the 
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1-drill  blast-hole  system  described  to  a  soft  orebody  with 
weak  waDs.  On  p.  27,  large  holes  were  preferred  by  the  authors. 
The  ore  was  soft  and  friable,  however,  and  drilling  was  presumably 
done  weU  in  advance  of  blasting,  as  elsewhere.  On  the  same  page  it 
was  indicated  that  some  of  the  holes  were  lost  by  the  sides  of  them 
falling  in.  The  two  important  facts  the  authors  had  left  out 
were:  (a)  The  percentage  of  holes  drilled  that  were  lost,  and 
(b)  the  maximum  time  a  hole  could  safely  be  left  before  charging. 

Tlie  President  said  that  there  was  no  time  for  further  discussion 
and  asked  other  members  who  wished  to  contribute  to  do  so  in 
writing.  Owing  to  the  lateness  of  the  hour,  he  proposed  an 
omnibus  vote  of  thanks  to  the  authors  and  the  introducers  of  the 
two  papers  and  to  all  those  who  had  taken  part  in  the  interesting 
discussion. 


1%(  iMtltatioii  as  a  body  to  not  responsible  for  the  statements  made  or  opinions 

expressed  in  any  of  its  publications. 

AUTHOR'S  REPLY  TO   DISCUSSION*  ON 
The  Tin  Mines  of  the  Pahang  Consolidated  Co.t  Ltd. 

By  F.  H.  Fitch,  Associate 

Mr.  F.  H.  Fitch :  I  must  first  apologize  for  the  delay  in 
replying  tu  the  discussion  on  my  paper.  At  first,  I  was  digesting 
tbi*  very  interesting  comments  which  were  passed  at  the  meeting 
ariJ  waiting  for  puhlication  of  the  remarks  which  I  knew  Messrs. 
Way  and  Abel  were  making  ;  later  I  was  fully  occupied  on  special 
ikt'wa  due  to  the  present  emergency  in  Malaya. 

I  am  most  grateful  to  Mr.  Willbourn  for  his  excellent  intro- 
duction and  summary  of  my  paper,  undertaken  at  short  notice 
owing  to  uncertainty  as  to  the  date  of  publication,  and  to  all 
iii»'njb*Ts  who  took  part  in  the  discussion. 

The  point  which  raised  the  most  discussion  was  the  origin  of 
t\w  lode  channels.  Several  speakers  were  critical  of  the  theory 
presented  in  my  paper,  but  none  of  the  alternatives  suggested 
appears  entirely  satisfactory.  The  main  difficulty  is  to  explain 
thn  disposition  of  the  Bells  and  Willinks  East  series  of  lodes 
Fflativn  to  Willinks  fault.  Bells  lodes  are  strongly  developed 
n^AT  Willinks  fault  and  should  be  found  on  its  east  side,  but  lodes 
with  the  same  east-west  strike  do  not  occur  immediately  east  of 
thf-  fault.  Again,  Willinks  East  lodes  are  strong  in  the  upper 
l'\*'h  near  Willinks  fault,  but  no  lodes  with  the  same  120°  strike 
an-  known  west  of  the  fault.  Under  east-west  compression  move- 
iiiMit  on  Willinks  fault  was  such  that  if  Bells  lode  channels  were 
broken  bv  it  their  eastward  dislocated  extension  would  have  been 
niuwd  south-west — that  is,  in  the  direction  in  which  Willinks  East 
1'mI*^  are  now  found.  It  seems  to  me  imperative  to  correlate  the 
Willinks  East  and  Bells  series  of  lode  channels  and  to  assign  to 
thnin  the  same  primary  origin.  All  the  alternative  explanations 
<»f  the  fracture  pattern  suggested  by  members  in  the  course  of  the 
discussion,  except  that  put  forward  by  Dr.  Williams,  attribute 
th^-!ft»  two  series  of  lode  channels  to  different  causes. 

The  idea  presented  hi  Dr.  William's  Fig.  12  at  first  appears 
tu  iifff.r  rt  solution  which  still  assigns  the  same  primary  origin 
*"  l»Kle  ehannels  east  and  west  of  WiUinks  fault,  but  does  not 
tM^essitate  tht»  introduction  of  the  idea  of  rotation.  It  does  not, 
however,  account  for  the  formation  of  the  lode  channels  of  Simons 
i^tid  Kabang  lodes,  which  strike  east- west,  although  they  are 
Jw'tween  Willinks  and  Kabang  faults.  In  the  case  of  Simons  lode 
It  has  b(»en  proved  that  practically  no  movement  took  place 
iHween  the  walls  (see  p.  18)  :  the  lode  cannot  therefore  occupy  a 
^ranscurrent  fault,  as  it  would  be  expected  to  do  if  the  strain 
*''ip8oid  shown  by  Dr.  Williams  on  Kabang  fault  is  correctly 
'•fientated   for  the  time  at   which  that  lode  channel   was  being 

*BulU,  495  and  498,  February  and  May,  1948. 
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formed.  In  my  proposed  solution  of  the  problem  Simons  and 
Kabang  lodos  were  considered  to  occupy  tension  fractures  developed 
after  the  main  rotation  of  the  Willinks  East  lode  channels  had  been 
completed,  although  I  am  quite  willing  to  admit  that  I  have  Ho 
direct  evidence  of  that  order  of  events.  Moreover,  it  is  possible 
that  the  orientation  of  strain  ellipsoids  in  various  parts  of  the  area 
changed  at  different  stages  of  the  development  of  lodes  and  that 
the  addition  of  the  idea  of  late  formation  of  the  Simons  and  Kabang 
lode  channels  to  Dr.  William's  hypothesis  would  provide  a  satis- 
factory solution  of  the  whole  problem. 

Another  point  which  raised  some  discussion  was  the  failure  of 
payable  lodes  to  penetrate  deeply  into  granite.  Several  members 
reaUzed  that  my  efifort  to 'explain  this  on  temperature  differences 
alone  did  not  wt)rk  out  in  detail,  and  Messrs.  Way  and  Abel  rightly 
warned  against  any  assumption  that  tempera tufes  would  have 
been  the  same  in  widely-separated  parts  of  the  property. 
Dr.  Schnellmami  drew  attention  to  the  possible  importance  of  the 
country-rock  as  an  ore-control.  As  a  result  of  the  discussion  and 
of  further  work  in  the  area,  I  now  believe  that  we  must  look  to 
the  chemistry  of  reaction  between  country  and  igneous  emanations 
for  the  explanation.  I  would  like  to  suggest  as  a  working  theory 
that  in  the  Sungei  Lembing  area  tin  was  carried  as  stannate  or 
thio-stannate  in  solutions  which  also  contained  abundant  magnesia 
and  possibly  iron,  with  little  or  none  of  such  alkalis  as  potassium 
or  sodium,  and  that  volatiles  such  as  fluorine  and  boron  were  not 
essential  to  the  transport  of  tin. 

Although    tourmaline    was    observed    at    Sungei    Lembing    by 

Mr.  Scrivenor»  and  recently  confirmed'  by  Dr.  Ingham  in  the  same 

specimens,  it  is  certainly  rare.     I  have  examined  mill  concentrates,. 

as  suggested  by  Mr.  Scrivenor,  and  can  find  no  tourmaline.     In 

every  specimen  of  ore  that  I  have  collected,  chlorit(\  or  secondary 

minerals  which  I  consider  to  have  been  derived  from  chlorite,  are 

present  with  the  cassiterite,  usually  in  contact  with  it.     In  some 

specimens  of  slate  breccia  from  the  lodes  the  fragments  have  been 

partly  chloritized,  leaving  a  core  of  unaltered  slate,  and  cassiterite 

fills  the  interspaces  between  the  fragments.     It  is  evident  that  the 

elements  required  to  convert  the  clay  minerals  of  the  slate  into 

chlorite — namely,   magnesia  and  iron — were  extracted  from  the 

ore-fluid  and  that  this  led  to  the  deposition  of  tin  in  cassiterite.     I 

note  that  Dr.  Webb  has  also  observed  an  increase  in  iron  in  the 

country  associated  with  tin  lodes  :    both  he  and  Mr.  Scrivenor 

remark  upon  the  common  association  of  cassiterite  with  chlorite 

in  Cornwall.     Although  not  as  closely  associated  with  cassiterite 

as  the  chlorite,  sulphides  and  sulpharsenides  are  common  in  the 

lodes  at  Sungei  Lembing,  st)  that  the  ore-Huid  must  also  have 

contained  variable  amounts  of  sulphur  and  arsenic.     The  presence 

of  tin  and   sulphur  in   the  ore-fluid  recalls  a  recent   paper   by 

F.  Gordon-Smith*  in  which  he  described  experiments  proving  that 

♦Gordon -Smith,  F.     Transport  and  deposition  of  the  non -sulphide  vein 
materials.    II  -  Cassiterite.    Ecott.  Oeol.,  Vol.  42,  May,  1947,  No.  3,  p.  251. 


THB    PAHANG    00N80LIDATBD   CO.,   LTD. — AUTHOR's   REPLY      61 


thio-stannates  can  exist  in  conditions  analogous  to  those  of 
natnie.  As  there  are  no  minerals  rich  in  potassium  or  sodium  in 
the  lodes  at  Sungei  Lembing  but  there  have  been  increases  in  the 
magnesium  and  iron  contents  of  the  country  enclosed  in  the  lodes 
I  suggest  that  the  tin  was  carried  as  stannate  or  thio-stannate  in 
sohitions  which  also  contained  abundant  magnesium  and  probably 
iron,  reaction  with  the  clay  minerals  of  the  slate  removing  magnesia 
trom  the  ore-fluid,  reducing  the  alkalinity,  and  bringing  about  the 
deposition  of  tin  oxide. 

When  the  type  of  ore-fluid  suggested  was  passing  through 
unaltered  granite  there  would  probably  be  little  or  no  reduction 
in  alkalinity,  as  magnesia  would  not  be  expected  to  replace  the 
stronger  alkalis  of  the  felspars  and  micas.  This  would  explain 
the  lack  of  cassiterite  deposition  in  granite  at  Sungei  Lembing, 
bat  in  Ulu  Reman,  12  miles  north  of  Sungei  Lembing,  cassiterite 
occurs  in  granite.  The  most  marked  difference  in  mineral  associa- 
tion between  the  two  areas  is  the  abundance  of  tourmaline  in  Ulu 
Reman.  The  abundance  of  this  mineral  in  one  tin  deposit  in 
granite  and  its  rarity  in  another  nearby  in  argillaceous  sediments 
may  signify  a  fundamental  difference  in  the  composition  of  the 
ore-fluid  and  in  the  chemistry  of  deposition  of  cassiterite. 

Although  there  is  some  evidence  in  the  field  for  these  theories, 
it  is  clear  that  they  will  have  to  be  tested  by  analyses  of  unaltered 
country  from  the  lodes.  It  is  hoped  that  thoso  analyses  will  be 
made  before  the  memoir  on  the  area  is  published  by  the  Geological 
Survev. 

It  now  remains  to  answer  some  of  the  less  general  questions  and 
comments  raised  in  the  discussion.  I  have  to  admit  that 
Mr.  Burdon*s  criticism  of  the  evidence  given  for  the  age  of  Willinks 
fault  (p.25)  is  justified  ;  that  given  under  (a)  is  valid,  but  the  other 
points  are  capable  of  alternative  explanation.  Mr.  Burdon  was 
of  the  opinion  that  the  fault  might  have  acted  as  a  dam  to 
mineralizing  solutions  and  caused  the  mineralization  oti  the  two 
sides  to  differ.  Certainly  it  acted  as  a  dam  to  meteoric  waters, 
but  even  if  it  were  also  impervious  to  mineralizing  solutions,  it 
would  not  have  given  rise  to  any  difference  between  the  lodes  on 
the  two  sides  of  the  fault  unless  there  were  distinct  and  differing 
centres  of  tin  emanation.  I  do  not  think  that  alternative  emana- 
tive  centres  existed,  as  the  lodes  are  too  much  alike  in  mineral 
content  throughout  the  east-west  length  of  the  mines. 

Dr.  Williams  criticized  my  use  of  a  quotation  from  Bailey  Willis 
(p.20)  ;  this  did  not  refer  to  the  swinging  of  the  fractures  out  of 
alignment  but  to  their  being  torn  open  and  rendered  capable  of 
minerahzation.  The-  idea  can  be  appreciated  if  Dr.  Williams's 
Fig.  11  is  treated  as  a  plan  and  not  a  section,  which  is  reasonable,  as 
movement  on  transcurrent  faults  like  Willinks  fault  was  largely 
horizontal.  K  such  movement  can  give  rise  to  tension  gashes 
when  no  planes  of  discontinuity  exist  the  opening  of  any  earlier 
fractures  formed  by  another  process  and  suitably  orientated  with 
regard  to  the  fault  is  most  probable. 
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The  manner  in  which  the  granite  was  emplaced  was  another 
point  which  interested  Dr.  Williams.  I  have  studied  the  structure 
around  the  Sungei  Lembing  granite  and,  although  dips  of  the  rocks 
of  the  sedimentary  cover  on  the  north-west  are  variable  in  direction, 
the  granite  appears  to  occupy  the  core  of  a  dome.  On  the  other 
hand,  the  southern  granite,  just  seen  in  the  south-west  corner  of 
Pig.  lo,"  is  transgressive  to  the  bedding  of  the  sedimentary  rocks 
from  south  of  Sungei  Lembing  to  the  River  Kuantan,  south  of 
Pasir  Kemudi,  a  distance  of  more  than  12  miles. 

Thrust  faulting  was  also  mentioned  by  Dr.  Williams.  There 
is  some  evidence  for  it  in  the  crosscut  south  to  the  ventilation  winze 
on  Bells  adit  level,  mainly  coincident  with  the  bedding  planes  of  the 
slate.  I  have  not  the  data  necessary  to  answer  the  other  query  as 
to  the  net  effect  of  vertical  movement  along  the  minor  breaks  east 
of  Willinks  fault,  nor  do  I  think  it  can  be  answered  unless  a  markei' 
horizon  is  discovered. 

I  have  re-examined  Kabang  lode  in  view  of  the  comments  made 
by  Messrs.  Way  and  Abel  on  its  quartz  content  and  now  realize 
that  our  difference  is  one  of  terminology.  I  have  used  the  word 
*  lode  '  to  include  the  full  payable  width — i.e.,  st oping  width — of 
a  deposit,  but  it  is  customary  at  the  mines  at  Sungei  Lembing  to 
restrict  it  to  the  quartz  veins  or  zones  of  gouge  which  were  followed 
in  development.  Values  usually  penetrate  into  the  walls  of  such 
.  structures  and  I  still  think  it  is  fair  to  say  that  quartz  rarely  forms 
more  than  10  per  cent  of  the  payable  width  of  lodes,  using^  that 
term  in  my  sense. 

A  similar  difference  in  terminology  appears  in  the  last  paragraph 
of  the  remarks  of  Messrs.  Way  and  Abel.  I  have  been  careful 
to  make  a  distinction  between  *  lode  channels  '  (potential  or  actual 
sites  for  tin  deposition)  and  *  lodes  '  (restricted  to  tin-bearing 
structures).  Making  this  distinction,  their  comment  would  read 
'  Lode  channels  certainly  penetrate  the  granite  .  .  .  '  but  lodes, 
in  my  sense,  fail  to  penetrate  deeply. 

With  regard  to  the  value  of  Kabang  lode,  I  stand  corrected  ; 
I  had  not  seen  the  more  strongly-mineralized  parts  of  that  lode 
before  the  war. 

Concerning  the  future  development  of  Myah  mine  (p.  22)  I 
should  perhaps  have  said  that  the  *  zone  of  pote^itial  pa3^able 
mineralization '  would  be  carried  down  below  economically- 
accessible  depths.  Lodes  only  occur  in  this  zone  where  there  are 
suitable  lode  channels  to  be  mineralized.  Myah  and  Myah  South 
lodes  pinch  out  in  depth,  but  other  lode  channels  may  come  in  to 
replace  them  and  carry  values. 

In  reply  to  Mr.  Neil ;  there  is  certainly  a  tin  belt  including 
Gambang,  Sungei  Lembing,  Ulu  Reman,  and  Bundi,  described 
under  *  The  Eastern  Tin-Belt  *  in  Mr.  Scrivenor's  Geology  of 
Malayan  Ore  Deposits,  p.  116.*  Since  the  war,  interest  in  the 
Trengganu  part  of  this  belt  has  been  shown  by  numerous  mining 

^London,  MacmiUan,  1928. 


THB  PAHANO    CONSOLIDATED   CO.,  LTD. — AUTHOR's   REPLY      68 

companies  and  the  Government  has  posted  a  geologist  and  an 
inspector  of  mines  to  Kemaman  to  investigate  it. 

I  agree  with  Mr.  Eobinson  that  it  would  have  been  better  to 

quote  levels  in  all  the  mines  relative  to  the  datum  level  of  Willinks 

adit,  but  I  know  of  no  existing  survey  which  relates  the  workings 

in  the  outlying  mines  to  that  datum.     The  confusion  over  the 

naming  of  the  ventOation  shafts  arises  from  the  fact  that  the 

Company  use  the  word  *  shaft '  only  when  they  intend  to  install 

winding  gear  :   in  the  text  of  the  paper  (p.  9)  it  seemed  wrong  to 

speak  of  a  cirqular  urinze  when  referring  to  something  14  ft.  in 

diameter,  although  the  Company  still  uses  that  term.     Simons 

lode  is  not  affected  by  either  Willinks  or  Kabang  fault,  but  by 

minor  shears  complementary  to   them,  striking  NE-SW.     Fig.  56 

shows  that  the  lodes  increase  in  number  as  Willinks  fault  is 

approached  from  the  west. 

Dr.  Dixey  criticized  my  use  of  the  term  *  radial '  in  referring 
to  the  movement  of  the  block  of  slate  between  the  two  major  faults 
aroond  the  granite  buttress.  The  term  was  used  because  I  wished 
to  give  the  impression  that  tangential  movement  of  the  parts  of 
the  block  farthest  from  the  granite  was  greater  than  that  near  it, 
similar  to  the  movement  of  the  spokes  of  a  rotating  wheel.  I 
should,  however,  have  used  the  expression  '  radial  '  in  reference  to 
the  movement  of  the  fractures,  which  are  linear  in  plan,  and  not 
to  that  of  the  block  as  a  whole. 

Mr.  R.  B.  Fermor  asked  several  questions  ahc^ut  transport  in* 
the  mines.  Mr.  Fairmaid,  General  Manager  of  the  Pahang 
Consolidated  Co.,  Ltd.,  has  given  me  the  following  information, 
which  is  not  as  complete  as  he  would  wish  owing  to  loss  of  records 
by  the  Company  during  the  Japanese  occupation.  General 
conditions  of  underground  transport  in  the  mines,  before  the 
occupation,  were  good,  the  track  being  maintained  in  good  order 
and  all  trucks  equipped  with  ball-  or  roller-bearings.  Development 
♦'uds  were  warm,  but  normal  trucking  from  stopes  was  through 
ventilated  drives  and  crosscuts.  Diesel  haulage  was  cheaper  than 
efectric  haulage  per  ton  mile,  but  no  figures  are  available.  The  cost 
of  haulage  by  diesel  and  electric  locomotives  was  about  30  per  cent 
of  the  cost  of  hand  tramming,  including  the  filling  of  trucks  from 
chutes.  The  number  of  labourers  on  indirect  haulage  who  were 
transferred  to  direct-production  jobs  when  mechanical  haulage  was 
introduced  is  not  known,  but  no  labour  was  dismissed.  The  servic- 
ing of  haulage  locomotives  by  Asiatic  labour,  under  European 
supervision,  was  good. 

In  conclusion,  I  should  like  to  say  once  more  how  much  I 
appreciate  the  interest  taken  in  my  paper  and  particularly  the 
valuable  and  detailed  comments  made  by  Drs.  Williams  and  Webb. 
In  the  post-war  period,  during  the  un watering  of  the  main 
mines,  production  has  been  maintained  by  re-opening  some  of  the 
oatlying  mines  and  I  have  now  been  able  to  examine  them.  The 
new  evidence  is  not  at  variance  with  the  ideas  I  have  tentatively 
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expressed  and  I  hope,  with  the  aid  of  the  oonstractive  oritioism 
and  comments  passed  on  my  paper,  to  be  able  to  prepare  an  aeeepl- 
able  comprehensive  account  of  the  mines  for  pabUoaticm  in  a 
memoir  of  the  Geological  Survey  of  the  Federation  of  Mahja  in 
the  near  future. 
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NOTICE  OF  GENERAL   MEETING 

The  Fifth  Ordinary  General  Meeting  of  the  Fifty-Eighth  SosHion  of  the 
Institution  of  Mining  and  Metallurgy  will  be  held,  by  kind  permission,  in 
the  Apartments  of  the  Geological  Society,  Burlington  House,  Piccadilly, 
London,  W.  1,  on  Thursday,  17th  February,  1949,  at  5  p.m. 

The  paper  entitled  Ground  control — theory  and  practice,  by  Mr.  Jack 
Spalding,  Member,  which  is  published  in  this  issue  of  the  Bulletin,  will  be 
flobniitted  for  discussion,  and  will  be  introduced  by  the  author. 

Light  refireshments  will  be  provided  at  4.30  p.m.   for  members  and 
itofs  attending  the  Meeting. 


Tbt&  Council  invite  written  contributions  to  the  discussion  of  jjapers 
memberB  who  may  be  unable  to  be  present  at  the  Meetings  of  the 
Institution.  The  Council  reserve  the  right  to  edit  aiid  condense  such 
eootiibutions. 
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INSTITUTION  NOTES 


Annual  Dinner,  1949 

The  Annual  Dinner  of  the  Institu- 
tion, which  was  not  held  last  year, 
will  take  pllice  on  Thursday, 
5th  May,  1949,  at  the  Savoy  Hotel, 
Strand,  London.  W.C.  2.  Full 
particulars  will  be  published  later. 

Mond  Nickel  Fellowships 

A  number  of  Fellowships  to  the 
value  of  £650  to  £850  each,  are  again 
being  offered  in  1949  by  the  Mond 
Nickel  Fellowships  Committee,  to 
men  cknd  women  of  British  nation- 
ality with  a  university  degree  or 
similar  standard  of  education,  with 
the  object  of  providing  additional 
training  to  make  them  more  suitable 
for  eventual  employment  in  senior 
technical  and  administrative  posi- 
tions in  British  metallurgical  and 
metal -using  industries. 

The  Fellowships,  which  will 
normally  be  travelling  Fellowships, 
will  occupy  one  year ;  selected 
candidates  will  be  required  to 
undertake  a  programme  of  training 
in  industrial  establishments  in  the 
United  Kingdom  or  elsewhere ; 
awards  for  training  at  universities 
may  be  made  in  special  circum- 
stcuices. 

Full  particulars  and  application 
forms  can  be  obtained  from  the 
Secretary,  Mond  Nickel  Fellowships 
Committee,  4,  Grosvenor  Gardens, 
London,  S.W.  1,  to  whom  completed 
forms  of  application  must  be 
returned  by  1st  June,  1949. 

Capper  Pass  Awards 

In  1947,  the  Directors  of  Messrs. 
Cap|>er  Pass  and  Son,  Ltd.,  Bristol, 
sharing  the  regret  which  had  been 
expressed  in  many  quarters  at  the 
dearth  of  papers  on  processes  and 
plant  used  in  extraction  metallurgy 
in  the  Transactions  of  the  Institution 
of  Mining  and  Metallurgy,  and  of 
papers  on  processes  and  plant  used 
in  the  fabrication  of  non -ferrous 
metals  in  the  Journal  of  the  Institute 
of  Metals,  offered  to  these  Institu- 
tions the  sum  of  £200  per  annum  for 
a  period  of  seven  years  to  be  applied 
AS  follows  : 


(a)  £100  per  annum  to  be  avedlable 
for  one  or  more  Awards  to  the 
authors  of  papers  on  some 
aspect  of  non-ferrous  extrac- 
tion metallurgy  ; 

(6)  £100  per  annum  to  be  available 
for  one  or  more  Awards  to  the 
authors  of  papers  relating  to 
some  process  or  plant  used  in 
the  extraction  or  fabrication  of 
non-ferrous  meteils, 

contributed  by  persons  engeiged  full 
time  in  industry  or  practice. 

The  Councils  of  the  Institution  of 
Mining  and  Metallurgy  and  of 
the  Institute  of  Metals  gratefully 
accepted  this  offer,  and  appointed  a 
joint  Adjudicating  Conmiittee.  This 
Committee  has  power  to  make  the 
awards  on  behalf  of  the  two  societies 
and  may,  at  its  discretion,  make  no 
award  or  awards  of  less  than  the 
money  available  if,  in  its  opinion, 
the  quality  of  papers  submitted  in 
any  year  fails  to  reach  a  suitable 
standard.  Any  sums  not  awarded 
will  be  carried  forward  to  future 
years. 

The  two  Councils  hope  that  the 
generous  offer  made  by  Messrs. 
Capper  Pass  and  Son,  Ltd.,  will 
stimulate  the  writing  of  many  papers 
of  the  types  for  which  the  Awards 
are  to  be  made.  Papers  on  extraction 
metallurgy  should  preferably  be 
submitted  to  the  Institution  of 
Mining  and  Metallurgy,  while  those 
on  processes  and  plant  used  in  the 
fabrication  of  non-ferrous  metals 
should  preferably  be  offered  to  the 
Institute  of  Metals.  Both  societies 
are  prepared  to  accept  pap>ers  of 
suit-able  quality  from  non-members. 

Authors  should  note  that  appli- 
cations should  not  be  addressed  to 
the  Adjudicating  Committee  request- 
ing that  their  papers  should  be 
considered  for  an  Award.  All 
papers  published  by  both  societies 
wiU  be  examined  by  the  Committee 
annually,  and  notices  of  the  Awards 
will  )>e  published  in  the  journals  of 
the  two  societies  and  in  the  Prc^. 
The  Committee  will  shortly  consider 
all  papers  published  by  the  two 
societies  during  1948. 
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January  General  Meeting 

The  Fourth  Ordinary  General 
Meeting  of  the  Session,  held  on 
Thursday,  20th  January,  1949,  at 
the  Geological  Society  of  London, 
vu  attended  by  about  65  members 
and  visitors.  The  paper  by  Mr. 
Ralph  Symons,  Member,  entitled 
'Mining  and  milling  antimony  ore 
at  Consolidated  Murchison  Gold- 
fields,  Transvaal,*  was  submitted 
for  discussion  and  was  introduced  by 
Mr.  J.  B.  Dennison  in  the  absence 
of  the  author.  A  report  of  the 
discussion  will  bo  published  in  the 
March  issue  of  the  Bulletin. 

Fifty-Eighth    Session*    1948-49: 
Dates  of  Subsequent  Meetings 

The  following  are  the  dates  fixed 
for  General  Meetings  of  the  Institu- 
tion during  the  remainder  of  the 
Session  1948-49  : 

17th  March,  1949. 
21st  April,  1949. 
19th  May,  1949. 
An    additional    Genernl    Meeting 
has  been   arranged   for   IGtli   Jimo, 
1D49. 

(These  dates  are  the  third  Tlmrs- 
day  of  the  month.) 

Members  from  Abroad 

The  Council  are  always  anxious 
to  meet  members  who  come  to 
England  after  a  long  absence  abroad, 
and  ask  such  members  to  make 
themselves  known  to  the  Secretary' 
when  attending  General  Meetings 
of  the  Institution  at  Burlington 
House. 

Institution  Awards 

*  The  Consohdated  Gold  Fields  of 
South  Africa,  Limited  ',  Gold  Modal 
*Qd  Premium  of  Forty  Guineas  are 
a'*^arded  jointly  or  separately  by  the 
Council  of  the  Institution  for  tho 
paper  or  papers  of  highest  merit 
eontributed  to  the  Transactions 
during  each  Session,  or  f(^r  researches 
on  the  occurrence,  nihiing,  or  troat- 
ro^nt  of  niinomls.  Tho  Council  shall 
^  satisfied  that  the  papers  or 
fs*earchi^  are  of  sufficient  merit  to 
justify  the  award. 

Two  prizes  of  Ten  Guineas  each 
•re  offered  cuuiually  for  papers  con- 
futed to  the  Transacliois  by 
Students  of  the  Institution,  provided 
that  the  papers  ore,  in  the  opinion  of 


the  Council,  of  sufficient  merit  to 
justify  eui  award. 

Papers  for  the  consideration  of 
the  Publications  Committee  should 
be  sent  to  tho  Secretary,  if  possible 
in  duplicate,  and  should  be  prefaced 
by  a  summary  of  contents.  It  is 
imderstood  that  all  papers  submitted 
are  original  communications  unless 
distinctly  stated  to  be  otherwise,  in 
which  event  exact  reference  should 
be  made  to  any  previous  publication. 
Figures  illustrating  papers  should 
bo  drawn  in  ink,  suitable  for  direct 
reproduction  in  a  reduced  size,  and 
lettering  on  diawings  should  be  in 
ordinary  pencil.  If  there  eure  photo- 
graphic illustrations,  prints  on  glossy 
paper  should  be  sent ;  it  is  not 
necessary  to  send  negatives. 

Candidates  for  Admission 

Tlu:  Council  teekome  eommtmieations  to  assist 
them  in  deciding  vhether  the  qvalifteations  of 
candidates  for  aSnission  into  the  InstitiUion  fulfil 
the  requirements  of  the  By-Laws.  The  app<i- 
cation  forms  of  candidates  for  Membership  or 
Assodaieship  veiU  be  open  for  inspection  at  the 
office  of  the  JnstiluUion  for  a  period  of  at  least  tvo 
months  from  the  date  of  the  Bulletin  in  tchich  their 
applications  are  announced. 

The  following  have  applied  for 
transfer  since  \'M\\  January,  1949  : 

To  Membekship — 

Henry  Thomas  James  Edward 
Barker  {Selukwe,  Southern 

Rhod^isia). 

Peter  Best  {Cf tampion  Reef,  Southern 
India), 

To   ASSOCIATESHIP — 

John       Ha^'s      {Lusaka,      ^'orthern 

Rhodesia). 
Donald  CEunpbell  Hitchings  [Drigh' 

ton,  Sussex). 
John       Francis       Murray       AVhite 

(London). 

The  following  have  applied  for 
admission  since  13th  January,  1949  : 

To  Membership — 

Louis  Lionel  Colin  {ViJa  fk  Manica, 
Portuguese  East  Africa). 

To    AsSOClATESHIP — 

Jolm  Gallaway  {Haylc,  Cornwall). 
William   Gibson  {South  Shields,   Co. 

Durham). 
Walter    Charles    Hdlyer     {Harrow, 

Middlesex). 
John  Edward  Howse  Keylock  {Jos. 

Northern  Nigeria). 
Russell  Pascoe  {Prest^a,  Oold  Coast). 
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Annual  Dinner,  1949 

The  Annual  Dinner  of  the  Institu- 
tion, which  was  not  held  last  year, 
will  take  plKce  on  Thursday, 
5th  May,  1949,  at  the  Savoy  Hotel, 
Strand,  London.  W.C.  2.  Full 
particulars  will  be  published  later. 

Mond  Nickel  Fellowships 

A  number  of  Fellowships  to  the 
value  of  £650  to  £850  each,  are  again 
being  offered  in  1949  by  the  Mond 
Nickel  Fellowships  Committee,  to 
men  and  women  of  British  nation- 
ality with  a  university  degree  or 
similaj*  standard  of  education,  with 
the  object  of  providing  additional 
training  to  make  them  more  suitable 
for  eventual  employment  in  senior 
technical  and  administrative  posi- 
tions in  British  metcdlurgical  and 
metal-using  industries. 

The  Fellowships,  which  will 
normally  be  travelling  Fellowships, 
will  occupy  one  year ;  selected 
candidates  will  be  required  to 
undertake  a  programme  of  training 
in  industrial  establishments  in  the 
Unit^  Kingdom  or  elsewhere ; 
awards  for  training  at  universities 
may  be  made  in  special  circum- 
stcuices. 

Full  particulars  and  application 
forms  can  be  obtained  from  the 
Secretary,  Mond  Nickel  Fellowships 
Committee,  4,  Grosvenor  Gardens, 
London,  S.W.  1,  to  whom  completed 
forms  of  application  must  be 
returned  by  Ist  June,  1949. 

Capper  Pass  Awards 

In  1947,  the  Directors  of  Messrs. 
Capper  Pass  and  Son,  Ltd.,  Bristol, 
sharing  the  regret  which  had  been 
expressed  in  many  queu^ters  at  the 
dearth  of  papers  on  processes  and 
plant  used  in  extraction  metallurgy 
in  the  Tranaactions  of  the  Institvtwn 
of  Mining  and  Metallurgy,  and  of 
papers  on  processes  and  plant  used 
in  the  fabrication  of  non-ferrous 
metals  in  the  Journal  of  the  Institute 
of  Metals,  offered  to  these  Institu- 
tions the  sum  of  £200  per  annum  for 
a  period  of  seven  years  to  be  applied 
as  follows  : 


(a)  £100  per  annum  to  be  available 
for  one  or  more  Awards  to  the 
authors  of  papers  on  some 
aspect  of  non-ferrous  extrac- 
tion metallurgy  ; 

(6)  £100  per  annum  to  be  available 
for  one  or  more  Awards  to  the 
authors  of  papers  relating  to 
some  process  or  plant  used  in 
the  extraction  or  fabrication  of 
non-ferrous  meteils, 

contributed  by  persons  engaged  full 
time  in  industry  or  practice. 

The  Councils  of  the  Institution  of 
Mining  and  Metallurgy  and  of 
the  Institute  of  Metals  gratefully 
accepted  this  offer,  and  appointed  a 
joint  Adjudicating  Conmiittee.  This 
Committee  has  power  to  make  the 
awards  on  behalf  of  the  two  societies 
and  may,  at  its  discretion,  make  no 
award  or  awards  of  less  than  the 
money  available  if,  in  its  opinion, 
the  quality  of  papers  submitted  in 
any  year  fails  to  reach  a  suitable 
standard.  Any  sums  not  awarded 
will  be  carried  forward  to  future 
years. 

The  two  Councils  hope  that  the 
generous  offer  made  by  Messrs. 
Capper  Pass  and  Son,  Ltd.,  will 
stimulate  the  writing  of  many  papers 
of  the  types  for  which  the  Awards 
are  to  be  made.  Papers  on  extraction 
metallurgy  should  preferably  be 
submitted  to  the  Institution  of 
Mining  and  Metallurgy,  while  those 
on  processes  and  plant  used  in  the 
fabrication  of  non-ferrous  metals 
should  preferably  be  offered  to  the 
Institute  of  Metals.  Both  societies 
are  prepared  to  accept  papers  of 
suitable  quality  from  non-members. 

Authors  should  note  that  appli- 
cations  should  not  be  addressed  to 
the  Adjudicating  Committee  request- 
ing that  their  papers  should  be 
considered  for  an  Award.  All 
papers  publishe<l  by  both  societies 
will  be  examined  by  the  Committee 
annually,  and  notices  of  the  Awards 
will  he  pu))lished  in  the  journals  of 
the  two  societies  and  in  the  Press. 
The  Committee  will  shortly  consider 
al]  papers  published  by  the  two 
societies  during  1948. 
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January  General  Meeting 

The  Fourth  Ordinary  General 
Meeting  of  the  Session,  held  on 
Thursday,  20th  January,  1949,  at 
the  Geological  Society  of  London, 
WIS  attended  by  about  65  membera 
md  visitors.  The  paper  by  Mr. 
Ralph  Symons,  Member,  entitled 
'Mining  and  milling  antimony  ore 
at  Consolidated  Murchison  Gold- 
fielda,  Tran8\-aa!,'  was  submitted 
for  discussion  and  was  introduced  by 
3[r.  J.  B.  Dennison  in  the  absence 
of  the  author.  A  report  of  the 
<iiscu88ion  will  be  published  in  the 
March  issue  of  the  Bulletin. 

Fifty-Eighth    Session*    1948-49: 
Dates  of  Subsequent  Meetings 

The  following  are  the  dates  fixed 
for  General  Meetings  of  the  Institu- 
tion during  the  remainder  of  the 
Session  1948-49  : 

17th  March.  1949. 
2l8t  April,  1949. 
19th  May,  1949. 
An    additional    General    Meeting 
Hm  been   arranged   for    16th   June, 
1949. 

(These  dates  arc  the  third  Thurs- 
day of  the  month.) 

Members  from  Abroad 

The  Council  are  always  anxious 
to  meet  members  who  come  to 
England  after  a  long  absence  abroad, 
and  ask  such  members  to  make 
themselves  known  to  the  Secretary 
when  attending  General  Meetings 
of  the  Institution  at  Burlington 
House. 

Institution  Awards 

*  The  Consolidated  Gold  Fields  of 
South  Africa,  Limited  ',  Gold  Medal 
and  Premium  of  Forty  Guineas  are 
a-warded  jointly  or  separately  by  the 
Council  of  the   Institution   for   the 
paper  or   papers   of  highest   merit 
contributed     to     the     Transactions 
during  each  Session,  or  f(^r  researches 
on  the  occurrence,  mining,  or  treat- 
ment of  niinemls.    The  Council  shall 
be    satisfied    that     the    papers    or 
researches  are  of  sufficient  merit  to 
justify  the  award. 

Two  prizes  of  Ten  Guineas  each 
are  offered  cmnually  for  pap>ers  con- 
tributed to  the  Transactions  bv 
Students  of  the  Institution,  provided 
that  the  papers  are,  in  the  opinion  of 


the  Council,  of  sufficient  merit  to 
justify  an  award. 

Papers  for  the  consideration  of 
the  Publications  Committee  should 
be  sent  to  the  Secretary,  if  possible 
in  duplicate,  and  should  be  prefaced 
by  a  summary  of  contents.  It  is 
understood  that  all  pap>ers  submitted 
are  original  connnunications  unless 
distinctly  stated  to  be  othei*wi8e,  in 
which  event  exact  reference  should 
be  made  to  any  previous  publication. 
Figures  illustrating  papers  should 
bo  drawn  in  ink,  suitable  for  direct 
reproduction  in  a  reduced  size,  and 
lettering  on  di^awings  should  be  in 
ordinary  pencil.  If  there  are  photo- 
graphic illustrations,  prints  on  glossy 
paper  should  be  sent ;  it  is  not 
necesscuy  to  send  negatives. 

Candidates  for  Admission 

Tlte  Council  vtlcotM  communieatUms  to  auist 
them  in  deciding  vhether  the  qvaliftailionM  of 
candidates  for  adm%$aion  into  the  Inatitf/dioa  ftdfll 
the  requirement*  of  the  By-Laws.  The  appli- 
cation  forms  of  candidates  for  Membership  or 
Assodaleship  viU  be  open  for  inspection  at  the 
office  of  the  JnstUfUion  for  a  periotl  of  at  least  two 
months  from  tfte  date  of  the  Bulleliii  in  which  their 
applications  are  announced. 

The  following  have  applied  for 
transfer  since  13th  January,  1949  : 

To  Membehship — 

Henry  Thomas  James  Edward 
Barker  (Selukwe,  SotUhem 

Rhodesia). 

Peter  Best  {Champion  Reef,  Southern 
India). 

To   ASSOCIATESHIP 

John  Ha^'s  {Lusaka,  ^'orthern 
Rhodesia). 

Donald  Campbell  Hitchings  {Brigh- 
ton, Sussex). 

John  Francis  Murray  AVhite 
{London). 

The  following  have  applied  for 
admission  since  13th  January,  1949  : 

To  ME:nBERsnip — 

Louis  Lionel  Colin  {Vila  de  Manica, 
Portuguese  East  Africa). 

To  AssociATESinp — 

John  Callaway  {Hayle.  Cornwall). 
William   Gibson  {South  Shidds,  Co. 

Durham). 
Walter    Charles     Htllyer     {Harrow, 

Middlesex). 
John  Edward  Howse  Keylock  {Jos, 

Northern  Nigeria). 
Russell  Pascoe  {Prestea,  Oold  Coast). 
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To  Studentship — 

John  William  Daviea  {Barakin  Ladi, 

Northern  Nigeria). 
James     Gumey     Gatoward     Davis 

{Camborne,  Comtvall). 
Brian     William     Hester     (Ruihlip, 

Middlesex). 
Jefifrey  Kenyon  {London). 
William  James  Marahall  ( Wcdlington, 
\        Surrey). 

Tadeusz  Moskwa  (London). 

Alan  Robert  Diindas  Orr  {Qlaagow). 

Peter    Leslie    Vaughan    {Camborne, 

ComvxdL). 

News  of  Members 

Mernftera^  AMOctatt,s  and  Students  arf  luril^ 
to  fiippljf  the  Srcrttarff  I'ifh  jxrxoml  ntict  for 
ffttbllcjtwn  tiiukr  this  itcatltAQ 

lylr.  L.  D.  Airey,  Associate,  has 
returned  to  Northern  Rhodesia  from 
England. 

Mr.  J.  M.  Alexander,  Associate, 
has  recently  been  appointed  to  the 
staff  of  Mount  Lyall  Mining  and 
Railway  Co.,  Ltd.,  Qucen&town, 
Tasmania. 

Mr.  R.  O.  F.  Babby,  Associate,  has 
left  Malaya  to  join  the  staff  of  the 
Tavoy  Tin  Dredging  Corporation, 
Ltd.,  Burma. 

Mr.  C.  W.  F.  Bond,  Associate,  has 
been  appointed  Senior  Lispector  of 
Mines  m  the  Gold  Coast. 

Mr.  Leslie  Bristowe,  Member, 
has  been  appointed  general  repre- 
sentative in  South  West  Africa  of  the 
South  West  Africa  Co.,  Ltd. 

Mr.  C.  C.  Cave,  Student,  is  at 
present  employed  on  the  survey  stafif 
of  Taquah  &  Abosso  Mines,  Ltd., 
Gold  Coast. 

Mr.  Alan  Cawley,  Associate,  is 
in  England  on  leave  before  taking 
up  the  appointment  of  mining 
geologist,  Geological  Survey  Dept., 
Nigeria. 

Mr.  Annan  Cook,  Associate,  has 
left  Rhodesia  for  the  United  States. 

Mr.  A.  H.  Cretch.  Member,  is 
returning  to  England  on  leave 
from  Malaya. 

Mr.  R.  Duncan,  Associate,  has 
iotume<l  to  England  from  Sierra 
Leone  and  is  going  to  Wellington, 
New  Zealand. 

Mr.  J.  H.  Ellis,  Associate,  has 
returned  to  India  from  England. 

Mr.  J.  S.  EvERiTT,  Associate,  is  on 
leave  in  England  from  tbf'  Kolar 
Gold  Field. 


Mr.  K.  A.  Fern,  Associate,  has 
been  transferred  to  the  staff  of  the 
associated  organization  of  Messrs. 
Cyanamid  Products,  Ltd.,  in  South 
Africa. 

Mr.  W.  A.  A.  Freeman,  Student, 
has  left  Australia  to  join  the  staff 
of  Austral  Malay  Tin,  Ltd.,  in 
Malaya. 

Mr.  B.  L.  Gardiner,  Member,  has 
been  awarded  the  C.B.E.  in  the  New 
Year*8  Honours  List. 

Mr.  R.  C.  Howard  Goldsmith, 
Associate,  is  leaving  Nigeria  for 
England  in  March. 

Col.       P.       G.       J.       GUETBBBOCK, 

C.B.,  D.S.O.,  M.C.,  T.D.,  D.L., 
J. P.,  Member,  has  boon  created  a 
K.C.B.  in  the  Now  Year's  Honours 
List. 

Mr.  T.  Hadbn,  Associate,  has 
been  awarded  the  British  Empire 
Medal. 

Mr.  J.  H.  Hohnen,  Associate,  has 
been  appointed  assistant  general 
manager  of  New  Guinea  Goldfiolds, 
Lid. 

Mr.  J.  Hunter,  Associate,  has 
returned  to  England  from  the  Gold 
Coadt. 

Mr.  F.  C.  Jackson,  Associate,  has 
lc:ft  th«>  l^nion  and  has  settled  at 
LiT?aka,  Northern  Rhodesia. 

Mr.  H.  D.  M.  Jacjer,  Associate, 
has  reliuquiBhed  his  position  of 
manager  of  the  Orisca  Minerals 
Developmout  Co.*8  manganese  and 
iron  mines  at  liarra  Jamda  and 
expects  U)  return  to  the  United 
Khigdom  early  in  March. 

Mr.  A.  M.  KsAN,  Student,  has 
joined  the  Geological  Sur\-ey  of 
Pakistan  as  a  geologist. 

Mr.  D.  LiTT,  Student,  is  returning 
to  England  from  Burma. 

Mr.  G.  B.  Mackenzie,  Associate, 
has  retimiod  to  Sierra  Leone. 

Mr.  Kenneth  Mackenzie,  Associ- 
ate, has  taken  up  a  post  with  Gold 
Coast  Ba.iket  Areas,  Ltd.,  Aboso. 

Mr.  J.  C.  Mc^Unus,  Student,  has 
left  Canada  for  an  appointment  in 
Venezuela. 

Mr.  D.  Vv.  MoucA.v,  Stud*:ta,  has 
arrived  in  England  on  leavo  from 
the  Kolar  Gold  Field. 

Mr.  P.  I.  A.  Narayanan,  Associate, 
has  taken  up  the  post  of  Assistant 
Director  (ore-dressing)  of  tho 
National  Metallurgical  I^aboratorv\ 
India. 
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Mr.  T.  R.  H.  Nelson,  Associate, 
is  now  Resident  Engineer  with 
Misnrai  Teoranta,  Co.  Tippcrary, 
Eire. 

Mr.  A.  L.  Pabma,  Associate,  has 
left  England  to  take  up  an  appK>int- 
ment  with  Frontino  Gold  Mines, 
Ltd.,  Colombia. 

Mr.  J.  Penhai^,  Associate,  has 
arrived  in  England  from  Sierre 
Loone. 

Mr.  N.  Pratt,  Associate,  has  been 
appointed  general  mine  manager. 
Endurance  Tin  Mining  Co.,  N.L., 
Tasmania. 

Mr.  C.  H.  Richards,  Member,  is 
returning  to  England  from  Tangan* 
yika  on  a  short  visit. 


Mr.  F.  G.  Sharp,  Associate,  has 
left  England  on  his  return  to 
Hyderabeul. 

Mr.  H.  Leslie  Swtft,  Associaie, 
returned  in  December  to  Jos, 
Northern  Nigeria. 

Mr.  E.  H.  Tregoning,  Associaie, 
is  returning  to  England  on  leave 
from  Burma. 


Addresses  Wanted 

G.  P.  Anderson. 
A.  Armstrong. 
D.  S.  Broadhurst. 
J.  B.  Cocking. 


E.  Dickson. 
A.  I.  Scott. 
A.  Sloss. 


BOOK    REVIEWS 


British     chemicals     and     their 
manufacturers,  1949  :  the  direc- 
tory of  the  Association  of  British 
Chemical    Manufacturers    (Incor- 
pomted).    London  :   The  Associa- 
tinn,  1949.     141  p. 
In  addition   to   listing  some   200 
memb<*r    firms    of   tho    Apaociation 
of  British  Cliomical  Manufaoturors, 
thp  dir*x:tory'  includes  a  67-pago  lii>t 
<»f  chemicals   with    a    kov    to    their 
munuraotiircrs    and    a    lint    of   pro- 
prietary  and  trade  namca.    It  forms 
a  most   useful   reference    book    for 
any    buyer    of   chemical    products, 
who,     upon     application     to      the 
Association,  can  obtain  a  copy  fr»>e 
of  charge. 

History   of   basic    metals    price 
control  in  World  War  II.    By 

R.     F.     Campbeul.         London : 

fJcoffrey        Cumberlege,         1948. 

(Columbia :      L'niversity     Press.) 

264  p.,  demy  8vo.     ISs. 

This  book  is  of  interest  to  the 
metal  economist.  It  is  an  authorita- 
tivo  account  of  the  war-time  applica- 
tion of  price  control  by  the  U.S. 
Government  to  the  vast  and  complex 
American  metal  industry  for  the 
purpose  of  increasing  production. 

The  impact  on  the  U.S.A.  of  the 
recent  war  created  a  sudden  and 
inunense  demand  for  production. 
Tho  rate  of  output  of  its  industry  at 
that  time  was  far  too  low  to  meet 
this  call  and  had  to  be  built  up. 
Not  tuinaturally  a  strong  inflationary 
tendency  at  once  appeared  threaten- 
ing to  disrupt  industry  and  retard — 


possibly  prevent — the  development 
to  the  full  of  its  productive  capacity. 

The  U.S.  Government  was  alive 
to  this  danger  and,  to  meet  it, 
imposed  on  industry  a  number  of 
controls.  The  most  effective  of 
these,  and  the  one  on  which  the 
Administration  put  increasing 
reliance,  was  the  control  over  prices. 

Dr.  Campbell  confines  his  study 
to  the  price  control  of  metals  and 
selects  for  close  examination  those 
he  terms  *  basic,*  namelv  iron  and 
steel,  aluminium,  copper,  lea<i  and 
zinc.  He  states  clearly  the  arguments 
for  and  against  the  imposition  of 
price  controls  and  tracer  the  changes 
in  the  form  of  such  controls  from 
the  *  gentlemen's '  agreements  of 
1940  between  industry  and  Govern- 
ment to  the  statutory  measures 
taken  during  the  next  few  years. 
Of  much  interest  are  the  chapters 
devoted  to  the  development  and 
operation  of  the  Premiinn  Price 
Plan  which  was  introduced  in 
early  1942.  This  Plan  allowed,  in 
effect,  producers  of  copper,  lead 
and  zinc,  under  certain  conditions, 
to  receive  higher  prices  than  the 
basic  ones  fixed  by  the  Administra- 
tion. 

The  author  served  during  the 
war  as  an  economist  on  the  staff 
of  the  Government's  Office  of  Price 
Administration  and  tho  book  reveals 
his  very  real  grasp  of  the  many 
complex  problems  that  Office  had 
to  face.  Dr.  Campbell's  study  is 
clear,  reasonably  concise  and  admir- 
ably objective. 
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To  readers  in  this  country  the 
numerous  references  to  Government 
publications  are  probably  of  little 
practical  value  but  this  in  no  way 
impairs  the  sense  or  detracts  from 
the  interest  of  the  text.  Of  particular 
value  are  the  excellent  summaries 
appended  to  each  chapter.  The 
book  concludes  with  some  useful  and 
well-compiled  statistical  tables  and 


a  good  index.  The  only  note  of 
criticism  that  may  be  sounded  is 
the  rather  free  use  of  initials  to 
denote  brcmches  of  the  Administra- 
tion and  certain  important  regula- 
tions. This  at  first  is  a  little 
confusing  but  no  doubt  to  the 
American  reader,  to  whom  the 
book  is  directed,  it  is  quite  clec^r. 

A.  R.  O.  Williams. 


OBITUARY 

Cecil  Alfred  Bume  died  on  23rd  September,  1948,  at  the  age  of  71. 
After  four  years  as  an  articled  pupil  at  South  Hetton  Coal  Co.,  Durham,  he 
was  appointed  surveyor  and  assistant  manager  of  Langley  Park  colliery, 
Durham,  in  1897,  and  in  1899  left  for  Chile  to  take  up  the  position  of 
surveyor  and  assayer  to  CopiapA  Mining  Co.  at  Atacama.  In  1903  he 
joined  the  Velardena  Mining  and  Smelting  Co.  at  Durango,  Mexico,  as 
engineer,  and  after  six  months  transferred  to  the  post  of  assistant  to  the 
general  superintendent  of  Mexican  Coal  and  Coke  Co.,  Coahuila.  From 
1905  to  1907  he  wa<8  employed  by  the  San  Carlos  Copper  Co.  of  Mexico, 
€md  then  for  two  years  mined  on  his  own  account  at  San  Nicolas,  Tamaulipas. 
He  held  the  position  of  superintendent  at  San  Gregorio  mine,  Sta.  Eulalia, 
Chihuahua,  and  subsequently  of  New  Sabinas  Coal  Co.,  and  from  1911  to 
1913  was  again  mining  on  his  own  account  at  San  Nicolas. 

Mr.  Bume  went  to  Portugal  in  1913  to  take  over  the  managership  of 
Anglo  Portuguese  Tin  Co.,  at  Belmonte,  BeLra  Baixa,  and  in  the  following 
year  was  appointed  manager  of  Asturiana  Mines,  Ltd.,  in  Spain.  He  held 
this  position  for  eight  years  and  was  then  occupied  on  examination  work 
in  Portugal  and  Mexico  for  ten  months  before  going  to  Sweden  as  manager 
of  Lake  Copper  Proprietary  Co.  He  returned  to  Spain  and  Portugal  after 
two  years  and  was  manager  and  consultant  to  various  mines  there  until 
1932.  From  1932  to  1941  he  held  the  position  of  manager  >f  San  Finx  Tin 
Mines  (1933),  Ltd.,  and  consultant  to  Messrs.  E.  B.  Rid^adel  &  Co.,  London. 
He  remained  in  Spain  until  1945,  when  he  returned  to  England. 

Mr.  Bume  was  elected  to  Membership  of  the  Institution  in  1925. 

Frederick  Aubrey  Grantham  Maxwell  died  on  26th  December,  1948, 
at  the  age  of  74.  He  wets  born  in  Freemont,  Nebraska,  and  was  educated 
in  Denver  before  entering  the  Colorado  School  of  Mines,  where  he  graduated 
E.M.  in  1895.  He  went  to  South  Africa  in  the  same  year  and  was  employed 
as  draughtsman  to  Eastleigh  Gold  Mining  Co.  at  Klerksdorp,  and  a  few 
months  later  as  assayer  and  cyanide  manager  to  Now  Ariston  Gold  Mining 
Co.  From  1896  to  1898  he  was  cyanide  manager  to  Porges  Randfontein 
Gold  Mining  Co.,  Ltd.,  and  held  a  similar  position  in  1899  at  South 
Randfontein  Gold  Mining  Co.,  Ltd.,  followed  by  a  period  of  three  years 
with  Robinson  Deep  Gold  Mining  Co.,  Ltd.,  Johannesburg.  In  1904  he 
was  appointed  metallurgist  to  Randfontein  Estates  Gold  Mining  Co. 
(Witwatersrand),  Ltd.,  and  after  twelve  years,  in  1916,  joined  the  General 
Mining  and  Finance  Corporation,  Ltd.,  as  metallurgist,  a  position  which  he 
held  until  his  death. 

Mr.  Maxwell  was  elected  to  Membership  of  the  Institution  in  1905. 


The  Coimcil  regret  to  report  the  death  of  Henry  Ewer  Jones,  Member, 
on  14th  December,  1948 ;  Reginald  John  Lemmon,  Member^  on 
26th  January,  1948 ;  William  John  Smith,  Member,  on  16th  December, 
1948  ;  and  Frederick  Harold  Williams,  Member,  on  18th  January,  1948. 
Obituary  notices  will  be  published  in  a  later  issue  of  the  Bulletin. 
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AND  THE  INSTITUTION  OF  MINING  ENGINEERS 

BwAi  (frdudiag  periodieaU  and  %eortt  marked  *)  may  be  bamved  6y  members 
pertonaBw  cr  bp  paH  from  the  Librarian^  424^  SaiUbury  Boutte^  London^  B.C.  2. 

Rosen,    George.      Tfte    history    of 
miners'  diseases,     A  medical  and 


Books  and  Pamphlets : 

•Association  op  Bbitish  Chemical 
Manxjpacttbebs.  British  chemi- 
cals and  their  manufacturers.  The 
directory  of  .  ,  .  London  :  The 
Association,  1949.     141  p. 

British  Oxygen  Co.  Ltd.  Oxygen : 
its  potentialities  in  iron  and  steel 
production,  London  :  The  Com- 
pany. 1948.  61  p.  biblio.  {Pre- 
tented  by  the  Company,) 

Caxpbeix,  Robert  F.  The  history 
of  basic  metals  price  control  in 
world  war  2.  N.Y.  :  Coliunbia 
University  Press,  1948.  263  p., 
biblio.     188. 

EvuARD,  Ren6,  and  Desey,  Amiand. 
Histoire  de  Vusine  des  Vennes 
wivie  de  considerations  sur  les 
fontes  anciennes,  Li^^  :  Editions 
So'^Ji,  1948.  381  p.,  illus.,  diagrs., 
biblio. 

Fermor.  Lewis  L.  Thomas  Henry 
Ho/tefu/,  1868-1947.  Reprint  from 
Obituary  Notices  of  Fellows  of  the 
Royal  Society,  vol.  6,  Nov.  1948, 
pp.  83-114.  {Presented  by  the 
Author.) 

IxsnTTTE  or  Physics.  The  measure- 
ment of  stress  and  strain  in  solids, 
London  :  The  Institute,  1948. 
114  p.,  illus.,  diagrs.  biblio.  {Pre- 
ftnted  by  the  Institute.) 

Ikstituto  Geologico  y  Minero  de 
Espana.  Mapa     geologico     de 

Efpana.  Explicacio  la  hoja  no.  135 
Sednno.  Madrid :  El  Instituto, 
1946.     34  p.,  illus.,  maps,  biblio. 

LvanruTo  Geologico  y  Minero  de 
Espana.  Mapa     geologico     de 

Eifpana.  Explicacion  de  la  hoja 
no.  243 — Caiahorra.  Madrid  :  El 
Inatituto,  1947.  36  p.,  illus., 
maps,  biblio. 

IswrrrvTO  Geologico  y  Minero  de 
Espana.  Mapa     geologico     de 

Ejfpana.  Explicacion  de  la  hoja 
no.  391 — Iqualada.  Mculrid  :  El 
Instituto,  1947.  112  p.,  illus., 
maps,  biblio. 

MixwoBTH  Metals  Ltd.  Technical 
data  on  ferro  alloys  and  special 
metals.  Birmingluun  :  The  Com- 
pany, 1048.    29  p.,  illus. 


social      interpretation.  N.Y.  : 

Schimian,    1943.       490   p.,    illus. 
$8.50. 

Ware,  Jem  W.  Australian  research 
on  the  theory  of  flotation.  Pre- 
sidential address  to  section  6, 
chemistry,  Australian  and  New 
Zealand  Association  for  the 
Advancement  of  Science. 
Adelaide  :  The  Association,  1946. 
29  p.,  biblio.  (Presented  by  the 
Author,) 

Government  Publications : 

British  Guiana,  Dept.  'of  Lands 
AND  Mines.  Reports  ,  .  for  the 
years  1940-46  (inclusive).  George- 
town :  Govt.  Printer,  1941-48. 
11  ;  9;  6;  9;  17;  17;  30  p., 
illus.,  maps. 

Colorado,  Mineral  Resources 
Board.  Mineral  resources  of 
Colorado.  Prepared  under  the 
supervision  of  John  W.  Vander- 
wilt.  Denver :  The  Board,  1947. 
547  p.,  maps,  diagrs.,  tabs. 
$2.50. 

Czechoslovakia,  Geological  Ser- 
vice. '  Vestnik '  du  Service 
Oeologique  de  la  Republique  TcMco- 
slovaqye,  vol,  23.  1948.  Prague  : 
Geological  Service,  1948.  320  p., 
illus. 

Gt.  Britain,  Geological  Survey 
Office.  Geology  of  Southport  and 
Forfnby,  by  D.  A.  Wray  and 
F.  Wolverson  Cope.  (Memoir, 
explanation  of  1  inch  sheets  74 
and  83,  new  series.)  London : 
H.M.S.O.,  1948.  54  p.,  illus., 
maps,  biblio.     Is.  3d. 

New  Zealand,  Dept.  of  Mines. 
Mines  statement  (for  the  year  ended 
31«/  Dec,  1947).  Wellington  : 
Govt.  Printer,  1948.     75  p. 

New  Zealand,  Geological  Survey. 

Reports  .*,  ,  for  the  years  1939-40 

to  1945-6  {inclusive),    Wellington  : 

The  Survey,  1940-8.    16  ;    12  ;   2  ; 
o  .    o  .    9  n 
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^U.S.A.,  BuRSAU  OF  Mines. 
Minerals  yearbook,  1046.  Washing- 
ton, D.C.  :  Govt.  Printing  Office, 
1948.     1620  p.     $3.75. 

Western  Australia,  Dkft.  or 
Mines.  Report  .  .  .  for  the  year 
1946.  Perth  :  Govt.  Printer,  1948. 
209  p.,  illus.,  maps. 

Proceedings  and  Reports : 

American    Institute    op    Mining 

AND   MeTAIXURGICAL   ENGINEERS. 

Transactions,  vol.  172,  iron  and 
steel  division,  1947.  N.Y.  :  The 
Institute,  1948.  668  p.,  iUus., 
biblio. 

Gold  Coast  Chamber  of  Mines. 
2lst  annual  report,  }st  April  1947 
to  3lst  March  1948.  Tarkwa : 
The  Chamber,  1948.     39  p. 

Transvaal  Chamber  of  Mines. 
54//a  anutud  report,  year  1943. 
J'burg:  The  Chamber,  1948. 
153  p. 

Maps : 

Calahorra.   Geological  map  of  Spain 
sheet  no.  243  (and  explanation). 
Scale :      1    :    50,000.         Madrid  : 
Institute  Geologico  y  Minero  de 
Espana,  1947. 

Camsell  River  map-area.  Northwest 
Territories.  Geological  survey, 
preliminary  map  4S-19  (and 
report).  Scale:  1  in.  =  2  ml. 
Ottawa :  Dept.  of  Mines  and 
Resources,  1948. 

Coventry.  Geological  survey  of 
England  and  Wales,  sheet  169 
(drift).  Scale:  1  in.  =  l  ml. 
Southampton  :  Ordnance  Siu^-ey 
Office,  1948.     2s.  6d. 

Duparquet  sheet,  Ahitibi  and  Temisca- 
minyue  cmititics,  Quebec,  Geological 
8iu-vey,  map  281a.  Scale  :  1  in.— 
1  ml.  Canada  :  Dept.  of  Mines, 
1933. 

England  and  Wales,  geological  map. 
Prepared  by  the  Geological  sur- 
vey. Scale:  1  in.  =  10  ml.  South- 
ampton :  Ordnance  Survey  Office, 
1948.  12s.  6d.  (paper),  15s. 
(mounted  and  folded). 

Ermelo  coalfield,  south-eastern  portion. 
Geological  survey  of  the  Union 
of  South  Africa,  to  accompany 
sheet  64  (and  explanation).  Scale  : 
1  :  76,000.  Pretoria :  Govt. 
Printer,  1947. 


Ermelo,  Transvaal,  Geological 
survey  of  the  Union  of  South 
Africa,  sheet  64  (and  explanation). 
Scale:  1  :  126,000.  Pretoria: 
Govt.  Printer,  1947. 

Exeter.  Geological  survey  of  England 
and  Wales,  sheet  326.  Scale : 
1  in.  =  1  ml.  Southampton  : 
Ordnance  Survey  Office,  1948. 
28.  6d. 

Henley-on-Thames.  Geological  survej' 
of  England  and  Wales,  sheet  264 
(drift).  Scale  :  1  in.  =  1  ml. 
Southampton  :  Ordnance  Survev 
Office,  1948.     28.  6d. 

Jffualada.  Geological  map  of  Spain, 
sheet  no.  391  (and  explanation). 
ScAle :  1  :  60.000.  Madrid : 
Institute  Geologico  y  Minero  de 
Espana,  1947. 

Margaree  and  Clieticamp  map-areas, 
Notfn  Scotia.  Geological  survey, 
preliminary  maps  48-1  1a  and 
48-1  1b  (and  report).  Scale: 
2in.=  l  ml.  Otawa:  Dept.  of 
Mines  and  Piesources,  1948. 

Mexico :  carta  gcologica  de  la  parte 
septentrional  He  la  Republica 
Mexicana.  Philip  B.  King.  Sccde  : 
1  in.  ==39  ml.  Cartas  geologicas  y 
mineras  de  la  Republica  Mexicana 
no.  3.  Mexico,  D.F.  :  Instituto 
de  Geologia,  Geofisica  y  Geodesia, 
Oct.  1947. 

Michaud  township,  district  of  Coch- 
rane, Ontario.  Geological  map 
1947-3.  Scale:  1  in.  =  1,000  ft. 
Ontario':   Dept.  of  Minos,  1947. 

Opasatika  sheet,  Temiscamingue 
county,  Quebec.  Geological  survey, 
map  240a.  Scale:  1  in.^l  ml. 
Canada  :    Dept.  of  Mines,  1929. 

Pierrcs  Oreys  Lakes  fnap-area, 
Alberta.  Geological  surx'ey,  pre- 
liminary map  48-7  (and  report). 
Scale  :  2  in.  =  1  ml.  Ottawa  : 
Dept.  of  Mines  and  Resources, 
1948. 

Ranji  Lake  map-area.  Northwest 
territories.  Geological  survey, 
preliminary  map  48-10  (and 
report).  Scale:  2  in.=  l  ml. 
Ottawa :  Dept.  of  Mines  and 
Resources,  1948. 

Rochdale.        Geological    survey    of 
England    and    Wales,    sheets    76 
(drift  and  solid).     Scale  :    1  in. » 
1  ml.     Southampton :    Ordnance 
Survey  Office,  1948.     28.  6d.  ea. 
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ScoUamd  and  the  north  oj  England, 
geological  map.  Prepcured  by  the 
Geological  Survey.  Scale  :  1  in.  = 
10  ml.  Southampton  :  Ordnance 
Survey  Office,  1948.  128.  6d. 
(paper),  los.  (mounted  and 
folded). 

Sedano.  Geological  map  of  Spain» 
sheet  no.  135  (and  explanation). 
Scale:  1  :  50,000.  Madrid: 
Instituto  Geologico  y  Minero  de 
Espana,  1946. 


Tavistock.  Geological  survey  of 
England  and  Wales,  sheet  337 
(drift).  Scale:  1  in. sal  ml. 
Southampton :  Ordnance  Survey 
Office,  1948.     28.  6d. 

Whitehctvcn.  Geological  Survey  of 
England  and  Wales,  sheet  28 
(drift).  Scale  :  1  in.  ^^  1  ml. 
Southampton  :  Ordnance  Survey 
Office,  1048.     28.  6d. 
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LABOUR  —  WAGES  —  TRANSVAAL.  — 
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MANAGEMENT.  —  Personnel  management 
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MANAGEMENT.— Selection  for  manage- 
ment ;  the  ImportAncc  cf  a  sound  choice. 
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Mifu  Technd.,  N.Y^  Vol.  12,  Nov.  1948, 
2  p.     dl.35. 

GEOLOGY  —  BRITISH  COLUMBU  — 
PORTLAND  CANAL  DlbTBICT.— Geo- 
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iJlu«.,  niftp.     .Vi  o»uf^. 
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GEOLOGY  —  SWEDEN.  —  PrcUmlrwry 
report  on  the  geology  of  HolcsjO  t-MalmLU  'k 
district  (West  Smaland),  Sweden.  L.  Van 
der  Harst. — Oeol.  ilijnhouwy  The  Hague, 
Vol.  10,  Dec.  1948,  pp.  321-5,  map. 

GEOLOGY  —  URANIUM  —  BELGIUM 
CONGO  —  KATANGA,  —  New  uranium- 
bearing  mineral ;  discovery  in  Union 
Mini^re  mines. — S.  Afr.  idin.  Engng.  7., 
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Gd. 

GEOLOGY  —  UBANIUM  —  ONTABIO.  — 
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J.  Satterly  and  D.  F.  Hewitt.— 0»rf.  Dep. 
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1948,  3  p.,  diagr.    (Typescript.) 

MINERAL  RESOURCES— IRON  ORE  — 
MICHIGAN.— Iron  ore  reservee  In  Michi- 
gan. Franklin  G.  Pardee.— Afin.  Metall., 
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50  ceotA. 
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AFRICA. — S.  W.  Africa's  mineral  resources ; 
diamond  and  base  mineral  deposits. — S.  A/r. 
Min.  Kngng.  7.,  J'burg,  Vol.  59,  Pt.  2, 
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Poussin  and  R.  B.  McConnell. — Min.  J.^ 
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Durfand.— J/f».  MeUUl.,  N.Y.,  VoL  29, 
Nov.  1948,  pp.  603-5,  tabs.    60  cent«. 
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PHILIPPINE  ISLANDS.— Gold  In  the  PhUlp- 
pine  Islands.^— i/»n.  Worlds  Ix)nd.,  Vol.  156, 
Jan.  1  1949,  pp.  8-9.    6d. 

IRON. 

SWEDEN  —  MALMBERGET.  —  Standard 
methods  of  cross-ctitting  at  Malmbei'get 
ore-fleld.  (AJso  describes  geology,  develop- 
ment and  mining  by  shrinkage  stoping.) 
J.  W.  BamcR. — Mine  <jt  Quarry  Engiig.y 
Lond.,  Vol.  15,  Jan.  1949,  pp.  13-18, 
diagrs.     Is.  6d. 

METALLURGY  AND  GYANIDING. 

METALLURGY— ALUMINIUM— RUSSIA. 
— Aluminium  in  HusHia.  (Details  <»f  indui(- 
irx.)—f'fuTn.  Tr.  J.,  lK)nd..  Vol.  123,  Dec. 
10  1948,  p.  682.     Hd. 

METALLURGY  -  COPPER  —  REFINING. 
— A  visit  to  the  Cartieret  copper  refinery. 
(U.S.  Metals  Refining  Co.,  New  Jersey — 
using  four  anode  furnaces  melting  250-400 
tons  per  day.)  John  V.  Beall.— A/t«. 
MetaJl.,  N.Y.,  Vol.  29,  Dec.  1?18.  pp.  658-0. 
.'iO  cent*. 
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METALLURGY  —  IRON  —  SECONDARY 
METAL. — Scrap  iron  and  steel  ia  Canada  ; 
ctirrent  prjsition  and  summarv  of  ten  years, 
1938-1947.  U.  McT^od.—(* anod.  M<taU, 
Toronto,  Vol.  11,  Dec.  1948,  pp.  23-4, 
tabs.     25  cents. 

METALLURGY  —  LITHIUM.  —  The  pro- 
duction  of  lithium  metal.  R.  R.  Rogers 
and  G.  E.  Viens. — Canad.  Min.  Metall. 
BuU.  439  {Trans.  Vol.  51,  19-18,  pp.  273-78), 
Montreal,  Nov.  1948,  pp.  623-8,  illua.,  tabs., 
biblio.     11. 

METALLURGY  —  MANGANESE  —  ELEC- 
TROLYTIC—Commercial  production  of 
electrolj'tic  manganese.  •  C.  L.  MantelL — 
J.  Electrochem.  Soe.^  Baltimore,  Md.,  VoL  94, 
Nov.  1948,  pp.  232-43,  illus.,  tabs.,  flow- 
sheet, biblio.     $1. 

METALLURGY— N0NFBRR0U8  METALS 
—PYRITES.— Notes  on  the  treatment  of 
pyrites  cinders  at  the  plant  of  the  Pyrites 
Co.,  Inc.,  Wilmington,  Delaware.  R.  C 
Trumbull,  W,  Hardlck  and  E.  G.  Lawford.— 
BiM.  Instn.  Min.  MetalL,  Lond.,  No.  605, 
Dec  1948,  pp.  1-31,  illus.,  tabs.,  diagrs., 
flowsheets.    (Paper  2s.  6d.) 

METALLURGY  —  TIN  —  SECONDARY 
METAL. — Reclaiming  tin  from  residues. 
A.  G.  Arend. — Mine  A:  Quarry  Engng.^ 
Lond.,  VoL  15,  Jan.  1949,  pp.  23-6,  diagrs., 
flowsheets.    Is.  6d. 

MILLING  AND  CONCENTRATION. 

GENERAL. — Imprraeions  of  overseas  ore 
treatment  practice :  (Pt.  1. — The  use  of 
heavy  media  separation  in  North  America 
and  the  cylono  separator  and  Humphreys 
spiral  for  fine  material ;  Pt.  2. — Fine 
crushing  and  grinding,  classification,  cyani- 
dation,  fl  itation,  filtration,  precipitation, 
automatic  control.)  M  alcolm  Glen. — Lhtm. 
Engng.  Min.  Rer.^  Melb.,  VoL  41,  1948; 
Oct.  pp.  9-17,  illus.,  disigrs.,  tat>s.,  flow- 
sheets; Nov.  (concluded),  pp.  56-60.  It. 
each. 

MAGNETIC  SEPARATION.  —  BxtrBctlnff 
iron  ore  from  sand.  (A  magnetic  iron  sand 
separating  machine  developed  in  New 
ZeaLind.)— J/<n.  J.,  Lond.,  VoL  231,  Dec.  11 
1948,  p.  918.    8d. 

PHOSPHATES.— Materials  handling  at  Tnteiw 
national  Minerals*  Noralyn  pho.^ptiate  plant, 
Theodore  R.  OUve. — cWi.  Engng,^  N.Y., 
VoL  55,  Deo.  1948,  pp.  100-4 ;  106,  Illus. 
50  cents. 

SCREENING.  —  FinslttningsunderLftkningar 
2.  (Fine-screening  investigations :  Pt.  2.) 
Sture  ^  ft.tscU  and  P.  V.  Villner. — Jerri' 
kontor.  Ann.y  Stockholm,  Vol.  132,  No.  11, 
1048,  pp.  469-^6,  illus.,  tab.  Kr.  1:50. 
(Brief  English  suraroary.) 

SCREENING  —  IRON  ORES.  —  Fartcre  in 
BcreeninK  errs  :  Pt.  2  Particle  distribution 
and  sfTTrcjtlion.  D.  D.  Howat. — Jrom 
Coal  Tr.  Kcc,  T^md.,  Vol.  157,  1948  ;  Dec. 
10,  pp.  1303-5,  tabs.,  biblio. 

MINING  (GENERAL). 

ACCIDENTS—  PREVENTION  —  FILMS.— 
Accident  prevention  films ;  work  of  the 
gold  industry.  (Visual  instruction  for 
native  labour  bv  three  specially  prepared 
safety  films. — ^.  Afr.  Si  in.  Engng.  y., 
J'burg,  Vol.  f)D,  I't.  2,  Nov.  20  1948,  p.  389. 
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MINING  ( 

BLA8TINQ  —  EXPLOSIVES.  —  A  BarrcT 
of  reccut  iechnologkiU  and  roiearch  work 
on  conl :  Ft.  3  (^eondtiiM^  Mining  exploaiVra. 
Grah&m  Oldbun.— J/in.  J^  Loud.,  VoL  23*A 
Jan.  1  1949,  pp.  7-S,  biblio.     Sd. 

BLAi?TINa  —  EXPLOSIVES  —  DETONA- 
TOliS. — Better  fragmentation  claimed  for 
fa6t-<1elaj  caps.  D.  M.  McFarlaud. — Miiu 
MetaU.,  X.Y.,  VoL  29,  Dec  1948,  pp.  66»>-2, 
diairniu     bi)  centa. 

BLASTING  —  FIBINO  —  BLECTBICAL.  — 
La  rcrilication  des  iignea  de  tir.  Iioiaon. — 
Ventre  Etude*  Hecher,  Charbon.  f  ranee  Note 
teck,    48/8,  Paris,  Nor.  1948,  lU  p.,  diagra.. 


DEEP  MINES.— Deep  shafts  of  the  world ; 
shafts  of  4,00U  ft.  yertical  depth  below 
collar,  or  deeper,  are  included.  Depths 
are  as  of  Jan.  1  1948. — Engng^  Min.  J.^ 
N.Y.,  VoL  149,  Not.  1948,  p.  79.     5U  cents. 

DRAIN  AGE  —  PUMPING  —  CONTROL.  — 
Blectrouic  control  applied  in  automatic 
bine  pumping.  Lester  Hanson  and  W.  B. 
OM\i.—Engng.  Min.  J^  N.Y^.,  VoL  149, 
Not.  1948,  pp.  94-^,  iUus.,  diagra. 

DRIirriNG  —  CROSS  CUTTING.  -  Stan- 
dard methods  of  croes-cutting  at  Malrabenret 
ore-Qeld.  (Also  describes  geology,  develop- 
ment and  mining  by  shrinkage  stopiiig.) 
J.  W.  Barnes. — Mine  A  Qvarry  Enfpti/.^ 
Lond.,  VoL  15,  Jan.  1949,  pp.  13-18,  diagirs. 
Is.  ThI. 

DUST  —  AIR  SAMPLING.  —  The  measure- 
ment of  airborne  dust  clouds  in  minea — 
kouimetrr.  J.  T.  Burdekin.— ro/fi<Tr 
Ouard^  Lond.,  VoL  177,  Dec.  33  1948, 
pp.  869-73,  diagra.,  tabs.     Is. 

DUST— AIR  SAMPLING— KONIMBTERS. 
— An  improved  type  of  konimeter.  J.  P. 
Etoes  au'l  S.  R.  Rabson. — J.  Chem,  Soe.  S, 
Afr.,  J'burg,  VoL  49,  Sept.  1948,  pp.  85-8, 
iiJus.,  diagr.    6a. 

DUST  —  SUPPRESSION  —  WETTING 
AGENTS.— New  wetting  agent  for  dust 
control. — CoUierp  Ouard.y  Lond.,  Vol.  177, 
Dec  30  1948,  pp.  881-3,  iUus.,  diagr.    Is. 

FRANCE. — Mineral  positions  of  ECA  nations : 
4 — France.  Boyd  France. — Engng,  Min. 
J.,  N.Y.,  VoL  149,  Nov.  1948,  pp.  7l>-4, 
maps,  tabs.    60  oents. 

HAULAGE  —  CONVEYORS  —  BELT.  — 
New  type  of  conveyor  belt  at  Hawkins 
mine.  (System  2,206  ft.  long  lifting  iron 
ore  through  355  ft.  from  the  opencast 
mine.)—Enffng.  Min.  7.,  N.T.,  VoL  149, 
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Ground  Control — Theory  and  Practice* 

By  Jack  Spalding,!  a.r.s.m.,  b.sc,  Member 

In  1937  the  author  published  a  paper  entitled  '  Theory  and  practice 
of  ground  control  (the  Kolar  Gold  Field) '  (^){.  In  the  years  that 
have  elapsed  since  then  further  knowledge  and  experience  have 
been  gained,  in  the  light  of  which  the  theory  there  propounded  and 
its  applicability  to  mining  practice  have  been  expanded.  In  the 
present  paper  the  theory  of  rock  pressure;  originally  produced  in  the 
earlier  paper,  has  been  brought  up  to  date  and  from  the  conclusions 
reached  the  theoretical  and  practical  aspects  of  ground  control 
have  been  deduced. 

Ground  control  may  be  defined  as  the  control  of  the  movements 
of  the  rock  surrounding  mining  excavations,  with  the  object  that 
those  movements  shall  neither  hinder  the  operations  nor  endanger 
the  men  employed.  Control  is  accomplished  not  only  by  the  use 
of  suitable  supports,  but,  more  important,  by  the  proper  design 
and  sequence  of  mining  operations. 

Before  this  subject  can  be  discussed  it  is  necessary  to  have  a 
clear  view  of  the  nature  of  the  stresses  likely  to  be  encountered  in 
the  neighbourhood  of  mining  operations,  and  the  behaviour  of  rock 
under  such  stresses.  The  paper  is  therefore  divided  into  two 
parts — Bock  Pressure,  and  Ground  Control. 

PABT  I— BOCK  PBESSUBE 

Since,  as  will  be  shown,  the  state  of  strain  existing  in  a  rock 
mass  at  depth  is  to  some  extent  dependent  on  the  general  behaviour 
of  rock  under  stress,  it  is  necessary  to  consider  the  latter  subject 
first. 

The  Behaviour  of  Bock  under  Stress 

In  a  number  of  articles  i^)  Dr.  D.  W.  Phillips,  of  the  National 
Coal  Board,  gives  the  results  of  an  extensive  series  of  experiments 
on  the  behaviour  of  rock  specimens  subjected  to  compressive, 

•Paper  received  on  9th  November,  1948. 

tConsulting  engineer. 
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bending,  and  torsional  stresses.  The  results  of  the  experiments, 
and  the  interpretation  of  them  which  he  gives  in  these  articles, 
are  of  great  importance  to  the  student  of  rock  pressure  and  its 
effects.  It  is  shown  that  many  of  the  generally-held  conceptions 
of  the  manner  in  which  rock  yields  and  fails  under  stress  are  false. 
Study  of  this  work  brings  out  the  following  conclusions  : 

(1)  The  behaviour  of  rocks  under  stress  is  not  analogous  to  the 
behaviour  of  metals  under  similar  stress — that  is,  strain  is  not 
proportional  to  stress  up  to  a  certain  j'ield  point,  above  which 
the  material  becomes  plastic  ;  on  the  contrary,  rocks  exhibit  a 
certain  amount  of  plasticity  from  the  beginning.  In  other  words 
strains  induced  by  stresses,  no  matter  how  small,  increase  with 
time. 

(2)  Wlien  a  rook  specimen  is  subjected  to  stress,  a  strain  is 
produced.  If  the  stress  continues  to  be  applied,  the  strain  increases 
with  time.  The  rate  of  increase  becomes  less  as  time  progresses, 
so  that  the  strain  tends  towards  a  certain  limit.  If  the  loading 
is  at  any  time  removed,  part  of  the  strain  is  recovered  at  once, 
but  only  part,  and  the  specimen  is  found  to  have  taken  a  '  set '. 
During  a  period  of  time  immediately  following  the  removal  of 
the  load  the  specimen  *  creeps  '  back  towards  its  original  dimension, 
which  dimension  is,  however,  never  reached.  The  specimen  is 
thus  found  to  hava  taken  a  *  permanent  set '. 

(3)  The  effect  of  these  factors  is  that  the  so-called  elastic 
'  constants  *  are  not  constant,  but  vary  with  the  applied  stress. 

(4)  The  creep  of  a  specimen  after  loading  is  called  *  time-strain  *. 
It  is  not  true  plastic  flow,  because  normally  it  has  a  finite  valua. 

(5)  Although,  as  already  stated,  the  time-strain  or  creep 
decreases  with  time,  tending  towards  a  certain  limit,  this  is  only 
true  up  to  a  certain  value  of  the  stress  applied.  If  that  stress  is 
exceeded  the  time-strain  progresses  until  failure  occurs.  Such 
failures  may  take  place  many  days  after  the  original  application 
of  stress.  In  one  experiment  time-strain  was  continuing  after 
five  months  under  load. 

(6)  The  time  effect  is  not  always  regular.  Curves  illustrating 
strain  against  time  are  usually  of  the  form  shown  at  A  in  Fig.  1.  In 
some  instances,  however,  and  particularly  when  the  specimen  is 
proceeding  to  failure,  the  rate  of  increase  of  time-strain  gradually 
decreases  and  then  suddenly  increases  again.  This  may  occur  more 
than  once,  as  shown  at  B.  Therefore,  the  fact  that  the  time-strain 
is  decreasing  is  no  criterion  that  equilibrium  is  being  approached. 

•(Incidentally  this  is  borne  out  by  experience  underground — that  is, 
the  fact  that  a  place  *  goes  quiet '  is  no  criterion  that  a  rockburst 
is  not  going  to  occur.) 

(7)  The  general  form  of  the  time-strain  curves  was  the  same  for 
all  the  rocks  tested. 

(8)  It  would  appear  from  some  experiments  that  failures  which 
took  place  several  days  after  the  sudden  application  of  a  stress 
would  not  have  occurred  had  the  load  been  applied  gradually. 
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IKhoagh  Dr.  Phillips's  experiments  were  all  carried  out  on  rocks 
of  the  Coal  Measures  there  is  little  doubt  that  the  conclusions 
gvaed  are  more  widely  applicable.  This  is  substantiated  by  the 
fact  that  experiments  in  building  research  have  shown  that  concrete 
inder  stress  exhibits  the  same  phenomenon  of  time-strain  or  creep 
$§  do  the  Goal  Measure  rocks,  although  to  a  lesser  extent  (^).    It  is 
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TIME 
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probable  that  time-strain  in  the  harder  rocks  is  also  considerably 
lees  than  in  the  softer  types  tested. 


The  Nature  of  Rock  Pressure 

It  is  not  possible  to  calculate  mathematically  that  the  stress 
in  any  given  rock  mass  at  any  given  depth  will  be  of  a  particular 
nature  or  value.  So  many  variables  affect  the  issue,  most  of  them 
unknown  and  incalculable,  that  no  definite  formula  can  be  proved 
applicable.  However,  by  a  process  of  reasoning  a  state  of  strain 
ean  be  deduced  which  probably  approximates  to  the  actual 
conditions  in  the  majority  of  cases. 

In  the  earlier  paper  (^)  the  assumption  was  made  that,  in  a  rock 
mass  at  depth,  in  addition  to  the  vertically-acting  pressure  due 
to  the  weight  of  superincumbent  rock,  there  are  horizontal  com- 
ponents of  stress  of  considerable  magnitude.  This  assumption  was 
based  on  observations  of  the  effects  of  pressure  underground  in  the 
mines  of  the  Kolar  Gold  Field — for  instance,  from  the  magnitude 
of  the  forces  exerted  in  the  closing  in  of  the  walls  of  vertical  stopes. 
It  can  now  be  shown,  not  only  that  horizontal  stresses  are  univers- 
ally present  (and  are  not  merely  a  special  feature  of  the  Kolar  Gold 
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Field),  but  that  they  are  of  greater  magnitude  than  was  originally 
surmised. 

(1)  Consider  an  undisturbed  rock  mass  at  sufficient  depth  to  be 
free  from  surface  effects — such  as  weathering,  contour  of  the 
ground,  etc.  In  such  a  mass  the  vertically-acting  pressure  at  any 
point  will  always  be  equal  to  the  weight  of  superincumbent  rock« 
Through  the  mass  there  will  generally  be  a  number  of  fissures — 
either  partly  open  and  water-bearing  or  cemented  up  with  minerals 
such  as  calcite.  The  water  in  the  open  fissures  will  be  at  a  hydro- 
static pressure  due  to  the  depth.  If  the  density  of.  the  rock  is 
2i,  the  static  water  pressure  will  be  0-4  times  the  vertically-acting 
pressure  in  the  rock.  This  water  pressure  will  act  on  the  rock 
hydrostatically,  so  that  horizontal  components  of  stress  are  set  up 
in  the  rock  equal  to  0*4  times  the  vertical  component.  Those 
fissures  which  are  now  cemented  up  were  not  always  in  that 
condition — at  one  time  they  were  filled  with  liquid.  Throughout 
the  period  of  cementation  the  hydraulic  stress  was  present,  and 
when  the  process  was  complete  the  hydraulic  stress  remained. 

(2)  A  particle  of  rock  at  depth,  acted  on  by  the  weight  of  rock 
above,  tends  to  expand  sideways.  As  it  is  prevented  from  doing 
so  by  adjacent  particles,  additional  lateral  (horizontal)  stresses  are 
induced.  They  are  equal  to  the  difference  between  the  vertical 
stress  add  the  original  horizontal  stress  due  to  the  water  in  the 
fissures,  multiplied  by  Poisson's  Number*  less  one.  This  number 
for  hard  rocks  under  stress  may  be  taken  as  lying  between  4  and  5, 
which  brings  the  total  horizontal  stress  due  to  these  causes  up  to 
about  0*7  of  the  vertical  stress. 

(3)  In  addition  to  the  induced  stress  caused  by  the  elastic 
properties  of  the  rock  there  is  a  further  induced  stress  due  to 
pseudo-plastic  deformation  or  time-strain.  The  value  of  this  is 
incalculable  at  the  present  state  of  our  knowledge,  but  there  is 
little  doubt  that  it  is  appreciable.  Its  effect  will  be  still  further 
to  reduce  the  difference  between  the  horizontal  and  vertical 
components  of  stress. 

(4)  In  many  cases  th^  action  of  hydrothermal  solutions  or  even 
moving  ground-water  promotes  hydration  of  pre-existing  rock- 
forming  minerals.  This  process  is  accompanied  by  increase  in 
volume,  which,  if  unrelieved,  will  result  in  internal  stresses  within 
the  rock,  again  increasing  the  horizontal  stresses. 

(6)  In  all  rock  masses  which  were  once  buried  beneath  an  over- 
burden since  removed,  the  state  of  stress  as  deduced  in  the  reasoning 
already  given  was  once  a  function  of  the  original  depth.  After 
denudation  of  the  cover  the  vertical  stress  is,  of  course,  reduced  in 
proportion,  but  the  horizontal  stresses  have  not  an  equal  oppor- 
tunity for  full  relief  and  are  therefore  likely  eventually  to  settle 
down  to  a  value  intermediate  to  that  which  might  be  expected 
from  the  original  and  present  depths. 

♦Poifison's  Number  is  the  reciprocal  of  Poiason's  Ratio  (aigma),  a  figure 
dependent  on  the  elastic  constants  of  the  material  in  question. 
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(6)  Should  some  geological  upheaval  have  increased  the  hori- 
zontal stresses  to  a  greater  value  than  the  vertical  stress,  the 
elastic  and  pseudo-plastic  deformations  will  then  tend  to  equalize 
the  stresses — that  is,  they  will  reduce  the  horizontal  stress  towards 
the  value  of  the  vertical  stress,  the  surface  of  the  ground  expanding 
npwards  and  affording  partial  relief  to  the  excessive  horizontal 
stress. 

Thus,  there  is  strong  reason  to  infer  that,  in  a  rock  mass  at 
depth  and  as  yet  undisturbed  by  mining  operations,  the  horizontal 
stresses  tend  towards  equality  with  the  vertical  stress  and  that  in 
the  majority  of  cases  they  will  not  be  far  removed  from  it  in  value. 


WATER  P 


Fig.  2. 

If,  therefore,  it  is  assumed  that  the  two  horizontal  components  of 
stress  are  equal  to  the  vertical  stress,  the  error  will  not  be  great. 
This  gives  a  very  simple  basis  to  work  from. 

A  system  of  stresses  can  be  resolved  into  three  components 
acting  in  any  chosen  directions  mutually  at  right  angles.  In 
considering  development  work  the  vertical  and  strike  directions 
can  be  used  as  components,  with  the  third  at  right  angles  to  them  ; 
but  in  stoping  it  is  more  convenient  to  take  components  normal  to 
the  reef  plane,  on  the  dip  and  on  the  strike.  In  either  case,  as 
has  already  been  shown,  before  mining  commences  the  three 
components  will  generally  approach  equality. 

There  are  three  conditions,  however,  which  may  cause  stresses 
underground  which  are  widely  differing  in  the  three  directions  : 
(a),  when  there  is  some  residual  of  stress  resulting  from  geological 
movements ;  (&),  in  ground  adjacent  to  high  mountains,  deep 
canyons,  or  on  coasts  adjacent  to  deep  seas ;    and  (c),  when  the 
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ground  is  cut  by  an  open  fissure. 

In  condition  (c)  horizontal  stresses  both  greater  and  less  than 
the  vertical  component  may  locally  be  expected.  This  is  because 
such  fissures  are  not  open  from  top  to  bottom — that  is,  the  two 
sides  of  them  are  in  contact  in  some  areas  and  apart  in  otherft. 
it  the  fissure  is  filled  with  water  the  horizontal  stress  across  the 
open  parts  must  be  equal  to  the  water  pressure  at  the  point  in 
question,  whatever  that  may  be.  Therefore,  any  balance  of  stress^ 
such  as  will  occur  when  the  water  pressure  is  less  than  the  rook 
pressure,  will  have  to  be  carried  through  the  areas  where  the  sides 
are  in  contact  (see  Fig.  2). 

In  this  context  it  should  be  noted  that  if  the  fissure  is  drained 
of  water  by  mining  operations  the  stress  across  the  open  parts  will 
be  reduced  to  zero,  while  that  across  the  points  of  contact  will  be 
further  increased  to  make  up  for  it. 

These  special  conditions  are  comparatively  rare,  and  the  majority 
of  mines — at  any  rate  the  majority  of  deep  mines — will  be  working 
in  ground  where  the  three  components  of  stress  approach  equality. 

The  Theory  op  Kock  Pressure 

A  theory  of  ring  stress  based  on  the  assumption  of  equal  com- 
ponents of  stress  was  given  in  the  author's  previous  paper  (*). 
This  theory  has  stood  the  test  of  time  and  is  now  generally  accepted. 
It  is  briefly  repeated  here. 

If,  in  a  rock  mass  of  infinite  dimension  subjected  to  equal  com* 
ponents  of  ^ress,  a  spherical  hole  is  made,  the  nature  and  intensity 
of  the  stress  in  the  rock  round  the  hole  is  radically  altered.  If  the 
original  stresses  were  Q,  at  a  point  in  the  rock  distant  r  from*  the 
centre  of  the  hole,  the  new  stresses  would  be  as  shown  in  the 
following  formulae*  :  j 

Tangential  8trees=(l-h— )  Q 
Radial  strefls        =(I-_^)  g 

where  a  is  the  radius  of  the  hole.  ^ 

From  these  equations  the  following  facts  appear.  At  the  sid^ 
of  the  hole,  in  what  may  be  termed  the  *  skin  rock  '  (where  r^^o), 
the  total  stress  acting  tangentially  is  l^Q,  while  that  acting 
radially  is  zero ;  at  a  distance  into  the  rock  equal  to  the  radiua 
of  the  hole  (r=2a)  the  tangential  stress  falls  to  l^Q  and  the 
radial  stress  rises  to  |Q  ;  and  at  an  infinite  distance  the  stress  in 
all  directions  remains  unaltered  at  Q. 

For  the  case  of  a  cylindrical  hole  in  similar  circumstances,  the 
formulae  are :  , 

Tangential  stress     » ( 1 4-  fL )  Q 
Longitudinal  stress  =  Q 


a* 


Radial  stress  ^{l-:i^)Q 


..■^ 


^These  equations  were  originally  produced  by  Mr.  J.  S.  Jones»  M-A^* 
B.Sc,  quondam  head  of  Messrs.  John  Taylor  and  Sons*  'physioal  reseayrak 
department  on  the  Kolar  Gold  Field  (^). 
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Ttms  in  the  skin-rook  (r=a)  the  tangential  stress  is  2Q,  the 
longitudinal  stress  is  Q,  and  the  radial  stress  is  zero ;  while  at  a 
difitonoe  into  the  rock  equal  to  the  radius  of  the  hole  (r=2a)  the 
tangential  stress  is  1|Q,  the  longitudinal  stress  is  Q,  and  the  radial 
tir80s|Q. 

The  equations  show  that  surrounding  holes  of  spherical  or 
ejlindrical  shape  there  is  a  zone  or  envelope  of  strain  in  the 
tangential  direction  greater  than  that  pre-existing  in  the  ground, 
that  the  extra  stress  is  greatest  in  the  immediate  skin  rock,  and 
that  it  dies  away  fairly  rapidly  as  the  distance  into  the  rock  from 
the  side  of  the  hole  increases.  This  extra  stress  has  been  variously 
called  the  *  ring  stress  *  and  the  *  stress  envelope '.  It  further 
appears  that  the  maximum  stress  produced  in  the  case  of  the 
spherical  hole  {liQ)  is  less  than  that  for  the  cylindrical  hole  (2(?), 
and  also  that  it  dies  away  more  rapidly. 

By  far  the  most  important  points  that  emerge  from  a  study  of 
the  equations,  however,  are  : 

(1)  that  when  a  hole  is  made  in  a  rock  mass  the  maximum 
intensity  of  stress  which  is  caused  in  the  surrounding  rock  is 
independent  of  the  size  of  the  hole  ;  and 

(2)  that  the  larger  the  hole  the  greater  the  distance  to  which 
appreciable  extra  stresses  extend  into  the  rock — that  is,  the  broader 
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the  belt  of  ring  stress.    The  graphs  in  Fig.  8  are  plotted  from  the 
above  formulae  and  illustrate  these  points. 


Natural  Stress  Relief 

Mining  engineers  will  have  many  objections  to  this  theory. 
Firft,  no  excavations  are  spherical  or  cylindrical ;  secondly,  the 
Mm  of  Excavations  as  blasted  out  are  shapelees  Mid  irregular 
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instead  o{  being  smooth ;  and,  thirdly,  those  sides  are  often 
oraoked  or  loose  instead  of  being  sohd.  How  then,  they  will 
ask,  can  such  cracked,  irregular  skin-rock  of  (for  example)  rect- 
angular section  contain  stress  amounting  to  double  that  due  to  the 
weight  of  rock  above — a  stress  which  at  2,500  ft.  depth  would 
amount  to  nearly  8  tons/sq.  in.  ? 

They  will  say  it  is  impossible,  and  they  will  be  right,  for  such 
cracked,  irregularly-shaped  rock  cannot  transmit  any  stress  at  all. 
What  happens  is  that,  immediately  on  blasting,  the  tangential 
stress  in  the  skin-rock  is  doubled,  while  the  radial  stress  is  reduced 
to  zero.  Consider  a  particle  of  rock  in  the  immediate  skin  of  such 
a  newly-opened  excavation.  Subjected  to  high  stress  tangentially 
and  with  a  newly-opened  free  face  in  front,,  it  is  free  to  expand 
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inwards.  This  permits  a  certain  amount  of  tangential  contraction, 
which,  in  turn,  relieves  the  tangential  stress.  The  amount  of 
elastic  relief  afforded  in  this  way  depends  on  the  difference  between 
the  two  components  of  stress  and  Poisson's  Ratio  for  the  rock. 
Behind  this  particle  are  other  particles,  in  which  the  tangential 
stress  is  less  than  in  the  skin  and  the  radial  stress  is  no  longer 
«ero.  The  difference  between  the  two  components  of  stress  is 
therefore  less  than  in  the  skin,  and  the  elastic  relief  is  also  less. 
Thus  the  effect  of  natural  stress  relief  dies  away  as  the  distance 
from  the  skin  increases. 

The  action  pf  plastic  stress  reUef  is  assisted  and  increased  by 
the  occurrence  of  small  shear  cracks,  pseudo-plastic  flow  (creep), 
or  even  by  plastip  flow  at  points  where  the  stress  is  extra  high  due 
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to  irregularities  in  the  rock  or  in  the  shape  of  the  excavation. 
The  strain  avoided  by  the  skin-rock  in  this  way  can  only  be  taken 
up  by  other  rock  further  back,  so  that  actually  the  ring  under 
maximum  stress  is  no  longer  in  the  skin,  but  is  removed  some 
distance  into  the  rook. 

The  total  effect  of  natural  stress  relief  is  thus  to  surround  all 
excavations  with  a  '  ring '  or  '  envelope '  under  increased  stress, 
between  which  and  the  skin  of  the  excavation  is  a  zone  under 
decreased  stress,  which  falls  towards  zero  as  the  skin  is  approached. 

When  a  tunnel  is  driven  to  a  rectangular  section  there  is  often 
a  tendency  for  it  to  '  arch  out  *  to  a  circular  section.  This  is 
explained  as  follows.  Along  the  straight  side  of  the  drift  is  a 
lens-shaped  piece  of  rock  (L,  Fig.  4)  in  which  the  stresses  have  been 
largely  relieved — it  has  therefore  expanded  and  is  larger  than  it 
was  before.  This  piece  is  held  in  place  by  its  cohesion  to  the  rook 
behind  it,  which,  subjected  to  ring  stress,  is  under  heavier  stress 
than  before  and  is  further  compressed.  Under  differential  stress, 
heavy  in  the  stress  ring  and  light  in  the  lens-shaped  piece,  shear 
cracks  tend  to  form  parallel  to  this  stress,  dividing  the  stressed 
from  the  unstressed  rock.  Thus  the  lens  of  expanding  rock  is 
freed  and  forced  out  into  the  drift.  Occasionally  the  action  is 
violent. 

In  a  homogeneous  rock  the  tendency  is  for  fretting  to  turn  the 
excavation  into  the  ideal  cylindrical  or  spherical  shape.  Some- 
times this  action  of  arching  is  strongly  evident  and  the  loose  rock 
comes  away,  leaving  an  excavation  roughly  circular  in  section  ; 
sometimes  it  is  merely  evidenced  by  a  number  of  cracks  and  semi- 
loose  rock,  while  in  other  cases  there  is  no  sign  of  it  at  all.  It  i« 
merely  a  question  of  the  magnitude  of  the  stress  in  comparison 
with  the  physical  characteristics  of  the  rock. 

The  natural  relief  of  stress  in  the  skin,  and  the  shifting  of  the 
ring  under  maximum  stress  to  a  zone  further  back,  are  illustrated 
in  Fig.  5.  No  mathematical  formulae  for  the  value  of  the  actual 
stress  at  any  point  are  available  (although  it  is  probable  that  a 
solution  could  be  found).  In  the  figure,  therefore,  the  curve  of 
actual  stress  has  only  been  estimated,  but  an  idea  of  its  true  shape 
can  be  obtained  from  the  known  data.     These  data  are  : 

(a)  the  stress  acting  in  the  skin  is  zero  ; 

(b)  it  rises  to  a  maximum  a  little  way  inside  the  rock  ; 

(c)  after  this  it  tails  away,  asymptotic  to  the  stress-equals-Q 
line  ; 

(d)  the  two  shaded  areas  shown  must  be  equal,  since  the  total 
stress  on  the  ground  is  unaltered  ; 

(c)  since  the  theoretical  peak  of  stress  is  a  highly  pointed  one, 
and  since  this  is  very  unlikely  to  be  so  in  actuality,  it  is  probable 
that  the  actual  maximum  stress  will  he  considerably  less  in 
intensity  than  the  theoretical  peak. 

The  effect  of  natural  stress  relief,  whether  accompanied  by  active 
arching  to  a  circular  shape  or  not,  is  to  surround  every  exc8L\^\»\OTv 
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with  a  ring  of  de-stressed  rock,  which  may  or  may  not  be  loose 
and  cracked,  outside  which  is  the  zone  under  ring  stress.  The 
real  effect  then  is  to'  make  each  excavation  effectively  somewhat 
larger  than  it  actually  is.  Granted  this,  then  the  principle  of  the 
theory  of  ring  stress  can  be  applied,  not  only  to  ideal  cylindrical 
or  spherical  holes,  but  to  holes  of  any  shape  whatsoever.  All 
that  is  necessary  is  to  imagine  an  arbitrary  circular  section  that 
will  include  the  smaller,  irregularly-shaped  actual  excavation  with 
its  envelope  of  de-stressed  rock,  and  to  consider  the  ring  stresses  ag 
surrounding  this  again.  This  imaginary  excavation  can  be  termed 
the  *  effective  excavation  ',  and  its  radius  the  *  effective  radius  *. 

Mutual  Effect  of  Adjacent  Excatfations 

It  is  now  possible  to  deduce  from  the  theory  matters  of  practical 
value  to  the  mining  engineer.  Although,  owing  to  natural  stress 
relief,  the  maximum  ring  stress  is  probably  less  than  iQ,  while  the 
peak  of  maximum  stress  is  somewhat  broader  than  that  indicated 
on  the  theoretical  curve,  it  will  be  convenient,  in  the  absence  of 
any  formula  for  the  actual  stress  curve,  to  use  the  theoretical 
formulae  already  given.  These  would  give  results  with  a  consider- 
able error  when  considering  excavations  which  were  within  a  few 
feet  of  each  other,  but  at  the  distance  at  which  adjacent  excavations 
are  normally  kept  apart  the  error  will  be  trivial.  The  imporiaDt 
matter  is  the  relative  values  of  the  stresses  caused  in  various 
circumstances,  not  their  absolute  value. 

If  some  arbitrary  figure  is  taken  above  which  stresses  are  con* 
Bidered  appreciable  and  below  which  they  may  be  assumed  to  be 
negligible,  it  will  be  seen  that  each  excavation  is  surrounded  by  ft 
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Hone  or  envelope  of  increased  stress  of  definite  thickness  (see 
Fig.  5),  this  thickness  depending  on  the  radius  of  the  effectived 
excavation.  Suppose,  for  instance,  that  the  arbitrary  limit  1-^Q 
be  taken,  then  the  thickness  of  the  zone  under  appreciable  increased 
stress  surrounding  a  spherical  excavation  is  equal  to  its  radiu8,| 
and  that  surrounding  a  cylindrical  one  is  equal  to  three  times 
its  radius.  These  zones  may  be  termed  the  *  zones  of  influence  '- 
of  the  excavation.  If  another  excavation  is  made  in  the  zone  of 
influence  of  one  already  existing,  the  maximum  stress  in  the  skin 
of  the  new  excavation  will  be  a  function  not  of  the  original  stress 
in  the  rock  but  of  the  increased  stress  due  to  the  first  excavation. 

For  instance,  consider  a  tunnel  being  driven  past  a  large  chamber,' 
ajid  suppose  that  it  is  at  such  a  distance  from  the  chamber  that  the 
ring  stress  in  the  ground  is  l^Q.  Then  the  stress  in  the  rock  at  the 
sides  of  the  tunnel  in  the  direction  of  the  ring  stress  of  the  chambei^ 

will  be  given  by  (^l  +  -7  )  IjQ,  with  a  maximum  at  a=r  of  2J(3. 

To  take  a  concrete  case,  suppose  the  chamber  is  36  ft.  in  diameter 
and  assume  that  its  ofifoctive  radius  is  24  ft.  If  the  arbitrary  limit 
taken  is  l^Q,   the  zone  of  influence  of  the  chamber  will  extend 
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in%0  the  rock  a  distance  equal  to  four  times  the  effective  radius — 
that  is,  96  ft.  from  the  centre  of  the  chamber  (see  Fig.  6).  The 
ring  stress  of  IIQ  is  met  at  a  distance  of  48  ft.  from  the  centre 
of  the  ohamber,  and  if  a  tunnel  is  driven  at  this  point,  say  61  ft. 
in  sfifective  radius  as  shown,  the  maximum  sti^s  in  the  rock  of 
iim  sides  will  be  twice  I4Q,  or  2iQ.  The  most  interesting  point 
is  that  while  the  effect  of  the  cluimber  is  to  raise  the  maximum 
stress  in  the  neighbourhood  of  the  tunnel  Jby  25  pet  cent^  ^ba 
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chamber  is  outside  the  zone  of  influence  of  the  tunnel.  The 
actual  effect  of  the  latter  works  out  at  1*03Q  at  the  near  side  of 
ihe  chamber  and  1*007Q  at  the  far  side. 

In  the  driving  of  such  a  tunnel,  therefore,  it  is  far  more  likely 
that  trouble  with  the  ground  will  be  experienced  in  the  tunnel 
itself  than  in  the  chamber,  but,  in  order  to  keep  the  effect  on  the 
chamber  to  a  minimum,  the  tunnel  should  be  kept  as  small  as 
possible.  It  should  also  be  lined,  for,  if  unsupported,  and  if,  owing 
to  the  increased  stress  and  perhaps  to  some  weaknesses  in  the 
rock,  arching  became  active,  the  effective  diameter  of  the  drift 
would  increase.  This  would  probably  be  unnoticed  by  the  miner, 
but,  since  the  effect  on  the  chamber  would  increase  with  the  square 
of  the  effective  radius,  a  small  increase  in  the  latter  is  important. 
Excavations  in  juxtaposition  should,  therefore,  always  be  lined  to 
prevent  arching. 
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Working  on  similar  lines,  it  is  easy  to  assess  the  mutual  effects 
of  various  other  excavations.  It  will  be  sufficient  to  consider  here 
three  other  cases  :- 

(1)  Consider  a  drift  being  driven  to  hole  to  another  one  in  the 
same  straight  line.  The  envelopes  of  stress  embracing  the  ends 
of  the  two  drifts  will  approach  the  hemispherical  in  shape.  This 
being  so  the  ring  stress  will  be  less  in  intensity  and  the  zone  of 
influence  much  less  in  thickness  than  in  the  case  of  cylindrical 
stress  envelopes.  The  maximum  stress  will  be  something  less  than 
IjlQ  and  it  will  die  away  to  l^Q  in  11  ft.  from  the  centre  of  the 
end — say,  5  ft.  into  the  solid  rock.  Therefore,  when  the  approach- 
ing ends  are  more  than  5  effective  feet  apart,  their  mutual  influence 
is  trivial.  Suppose  they  are  just  5  ft.  apart :  then  in  one  more 
round  the  holing  will  be  complete  and  the  two  ends  will  have 
merged  into  a  single  tunnel.  This  holing  is  therefore  a  perfectly 
innocuous  one. 
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(2)  Suppose  now  that  the  ends  for  some  reason  fail  to  hole  and 
pass  each  other.  In  ground  liable  to  rockbursts  this  is  a  dangerous 
state  of  affairs.  At  one  moment  the  ends  are  approaching  each 
other,  the  stress  envelopes  being  of  hemispherical  shape.  After  a 
blast  or  two  they  are  parallel  excavations  with  cylindrical  enve- 
lopes, of  which  the  zones  of  influence  will  extend  three  times  as 
far  into  the  rock  as  the  hemispherical  ones.  Thus  each  end  will 
strongly  influence  the  other. 

A  case  like  this  is  best  visualized  by  drawing  the  drifts  in  cross- 
section  and  superimposing  the  field  under  vertical  stress,  exem** 
plified  by  force  lines  as  in  a  magnetic  diagram  (see  Fig.  7).  The 
concentration  of  stress  in  the  bar  of  rock  between  the  two  may  be 
many  times  the  value  of  the  original  stress.    As  a  result,  if  the 


J  ^ 


SrwvW^ 


Fio.  8. 

barrier  is  too  thin  it  will  fail,  merging  the  two  ends  into  one  effective 
excavation,  surrounded  by  a  single  envelope  of  stress. 

(3)  Consider  finally  a  tunnel  being  driven  to  pass  close  by  a 
vertical  shaft  without  holing  to  it  (see  the  perspective  sketch  in 
Fig.  8).  It  will  be  immediately  obvious  that  the  directions  of 
ring  stress  are  mutually  at  right  angles,  so  that  they  do  not  interfere 
with  each  other.  The  drift  may  therefore  be  put  out  with  safety 
much  closer  to  the  shaft  than  it  could  (say)  to  an  excavation  of 
similar  size  which  was  lying  horizontally  and  parallel  to  it. 


.    The  Failure  of  Rock  under  Stress 

When  the  three  components  of  stress  are  equal — that  is,  when 
the  stress  is  hydrostatic  in  character — there  is  no  tendency  to  | 
shear  ;  but  when  the  three  components  are  unequal  planes  of  shear  . 
are  set  up.  Now  brittle  bodies  subjected  to  compressive  stress  fail 
by  shear  only,  so  that  when  the  stress  is  truly  hydrostatic  a  body 
cannot  fail,  because  there  are  no  planes  of  shear.  Once  the  stress 
system  is  imbalanced,  however,  as  in  the  envelopes  under  stress 
caused  by  and  surrounding  mining  excavations,  planer  ol  %\i^^ 
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lure  set  up,  and  the  failure  or  not  of  the  rock  is  dependent  on  the 
intensity  of  shear  occasioned. 

It  has  ahready  been  shown  that  the  effect  of  driving  a  tunnel 
tiirough  a  rock  mass  under  hydrostatic  stress  is  to  unbalance  the 
stresses,  increasing  them  in  the  tangential  direction  and  reducing 
them  in  the  radial  direction.  Theory  shows  that  when  the  three 
components   of   stress   are   unbalanced,   so   that   Qi>^  Q  ^Q$t  & 

shearing  stress  of  ^-" 


o~     is  set  up  on  planes  approximately  at  46' 


to  the  direction  of  greatest  stress  Qi(^).  Therefore,  near  the  skin  of 
a  tunnel,  shearing  stresses  are  set  up  at  45°  to  the  direction  of  the 

Jring  stress,  which  will  approach  in  value  — ^^r —  or  Q,  the  original 

hydrostatic  stress  in  the  ground.  Actually  the  angle  of  shear  is 
not  exactly  45°,  being  modified  by  certain  characteristics  of  the 
rock  and  by  any  natural  planes  of  weakness  pre-existing  in  it. 

The  author  has  seen  many  examples  of  such  failures  under- 
ground. They  are  most  obvious  when  the  excavation  has  been 
provided  with  a  smooth  lining  of  concrete.  Two  of  these  examples 
are  described  here : 

The  first  occurred  in  a  steeply-dipping  elliptical  shaft  at  8,000  ft. 
depth.     The  shaft  measures  20  ft.  by  10  ft.  and  had  a  monolithic 
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concrete  lining  which  fractured  as  shown  in  Fig.  9  over  a  length  of 
100  ft.,  the  overthrust  being  about  6  in.  Incidentally,  after  the 
shear  had  once  taken  place — the  action  was  quiet  and  was  not 
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noticed  at  the  time  of  its  occurrence — telltales  showed  no  further 
movement  over  a  period  of  many  years. 

The  second  example  took  place  at  6^00  ft.  depth  in  a  shaft 
station,  lined  with  a  concrete  arch  12  ft.  ¥ride,  during  a  rockburst 
which  affected  a  nearby  stoping  area.  As  shown  in  Fig.  9,  fractures 
developed  each  side  of  the  arch,  on  a  horizontal  plane  of  weakness 
<)auBed,  presumably,  by  some  delay  having  occurred  during  the 
concreting  of  the  arch. 

PART  II— GROUND  CONTROL 

The  practice  of  ground  control  falls  under  two  main  headings — 
the  support  of  development  e^ccavations,  and  the  control  of  the 
walls  in  stoping.  The  practice  in  these  two  cases  being  essentially 
different,  each  is  here  treated  separately. 

Tnfi  Support  of  Development  Excavations 

The  rock  through  which  development  excavations  are  made  is 
supported,  when  support  is  necessary,  by  a  *  lining  *.  This  term 
is  used  to  differentiate  between  it  and  the  supports  used  to  control 
the  walls  in  stoping.  In  this  paper  the  term  is  used  not  only  to 
denote  an  all-round  covering  as  the  name  implies,  but  to  part 
coverings  also. 

All  development  excavations  can  be  placed  in  one  of  two  classes — 
those  on  lode  which  will  eventually  be  stoped  and  so  will  be 
subjected  to  the  closure  of  the  stope  walls,  and  those  which  will 
not  be  affected  in  this  way — namely,  drifts  on  unpayable  lode, 
drifts  in  the  wall,  crosscuts,  shafts,  stations,  and  chambers.  These 
two  classes  require  radically  different  treatment  in  lining. 

Linings  which  will  be  Subjected  to  the  Closure  of  Stope  Walls 

The  object  of  a  lining  in  this  case  is  not  always  clearly  under- 
stood and  as  a  result  linings  are  in  use  which  are,  to  say  the  least, 
ill-designed.  The  essential  duty  of  a  lining  is  to  keep  the  way 
open  and  safe  for  traffic  in  all  circumstances,  no  matter  what 
ground  movements  may  occur  ;  it  is  not  primarily  to  assist  the 
stope  supports  in  opposing  closure,  although  if  this  can  be  achieved 
without  sacrifice  of  the  primary  duty  so  much  the  better. 

In  order  to  allow  for  closure,  and  in  those  mines  where  rock- 
bursts  occur  in  order  to  resist  shocks  and  live  loads,  the  lining  must 
be  flexible.  This  can  be  achieved  in  a  number  of  ways,  of  which 
the  simplest  is  to  use  a  rigid  lining,  say  of  timber  sets,  with  a  cushion 
of  packing  round  it.  By  consolidation  of  this  packing  under 
squeeze  a  certain  small  amount  of  closure  can  be  tolerated.  In  this 
context  attention  may  be  drawn  to  the  fact  that  three-  or  four- 
piece  sets  of  timber  or  steel  were  originally  designed  for  use  in  flat 
lodes  or  seams,  the  *  weight  '  which  they  were  designed  to  with- 
stand coming  vertically  downwards.  They  are  ill-titted  for  use 
in  more  steeply-dipping  lodes,  where  the  squeeze  comes  on  VViftixi 
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diagonally,  a  direction  in  which  they  have  no  strength  whatever. 

A  more  flexible  but  expensive  lining  can  be  made  of  steel  rings 
or  sets  of  circular  or  elliptical  section,  lagged  with  poles,  planks, 
steel  rods,  or  coarse  wire-netting  and  surrounded  by  a  cushion  of 
packing.  With  these,  closure  is  tolerated,  first  by  consolidation 
of  the  packing  and  then  by  distortion  of  the  set  itself.  When 
such  a  lining  is  used  the  original  drift  and  the  lining  put  in  it 
should  be  made  of  such  a  size  and  shape  that,  after  the  maximum 
closure  anticipated  has  occurred,  there  is  still  sufficient  room  for 
tramming  or  other  purposes.  , 

If  the  packing  around  a  lining  of  circular  steel  sets  is  confined 
above  and  below  by  stope  supports,  closure  of  the  stope  walls  will 
throw  all  the  packing  into  compression.  Since  the  packing  is  not 
a  rigid  body,  but  can  flow  under  squeeze,  the  stress  in  it  then 
becomes  hydrostatic  in  character  and  presses  on  the  steel  set,  not 
only  opposite  the  hanging  and  foot,  but  all  around. .  This  throws 
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the  steel  set  into  ring  compression  without  imposing  very  heavy 
bending  stresses  on  it,  a  state  in  which  it  is  immensely  strong. 
Steel  sets  in  this  condition  will  remain  efficient  until  so  distorted 
that  a  re-entrant  angle  is  set  up. 

Steel  sets  of  curved  shape  will  buckle  under  heavy  load  unless 
they  are  so  designed  that  the  section  of  which  they  are  made  is 
Btiffer  in  the  longitudinal  direction  than  in  the  plane  of  the  set. 
In  British  colliery  practice  steel  sets  are  designed  with  their  greatest 
strength  (and  stiffness)  in  the  plane  of  the  set,  and  in  order  to  stop 
the  buckling  under  excessive  closure  (roof  sag),  either  elaborate 
bracing  is  used  between  sets  or  telescopic  joints  are  fitted  to  the 
legs.  If  the  set  is  designed  with  the  weaker  moment  of  inertia 
of  the  steel  section  in  the  plane  of  the  set,  the  resistance  oi  that 
set  to  bending  stresses  is,  of  course,  less  than  if  it  were  placed  the 
other  way.  On  the  other  hand  there  is  no  tendency  to  buckle, 
so  that  no  bracing  at  all  is  required  between  sets.     In  any  case  the 


GROUND   CONTROL — ^TBEORY  AND   PRACTICE 


17 


primary  duty  of  the  lining  is  not  to  resist  closure,  but  to  ke^  41ie 
heading  open  for  traffic  or  ventilation,  so  that  the  resistance  oC 
the  set  to  bending  is  a  secondary  consideration.  '    '^  > 

Steel  sets,  whether  of  inverted-U  Bhape  for  use  in  flat  lodes  and 
seams,  or  of  circular  shape  for  other  dips,  can  be  rendered  stilF 
more  flexible  by  providing  the  pieces  of  which  they  are  built  up 
with  overlapping  instead  of  butt  joints.  Telescopic  action  at  the 
joints  then  permits  gradual  reduction  in  size  with  a  minimum  of 
distortion  of  the  steel.  The  resistance  of  the  set  to  contraction  can 
be  controlled  by  regulating  the  friction  between  the  sliding  members 
at  the  joint  by  an  adjustment  of  the  nuts  of  the  clamp  bolts(^). 

A  great  advantage  of  steel  sets  is  that  they  can  be  used  over 
and  over  again,  re-shaping  being  done  when  necessary.* 

A  third  and  very  useful  type  of  flexible  lining  can  be  made 
integral  with  the  stope  supports.  It  consists  in  fact  of  some  sort 
of  strap,  which  is  held  by  the  nearest  stope  supports  above  and 
below  the  drift  and  lies  against  the  hanging-wall.  Two  examples 
of  such  a  lining  are  shown  in  Fig.  10.  It  will  be  noted  that,  as  tho 
lining  has  no  connection  with  the  foot-wall,  it  is  completely  un- 
affected by  the  closure  of  the  stope  walls.    When  difficulty  ift 
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experienced  in  getting  the  two  stope  supports  sufficiently  closer 
together  owing  to  the  fretting  away  of  the  foot-wall,  the  latter 
can  be  replaced  by  a  building  of  waste  rock  masonry  set  in  a  weak 
mortar,  or  by  a  block  of  concrete  (see  Fig.  11). 

lAnings  which  loill  not  be  Subjected  to  Closure 
When  not  subjected  to  closure  all  that  is  required  of  a  lining  in 
that  it  shall  keep  the  way  open  and  safe  for  traffic.  Flexibility  if 
not  necessary,  nor,  as  will  appear  later,  is  it  even  desirable.  A 
further  essential  difference  between  the  two  classes  of  linings  is 
that  linings  to  be  subjected  to  closure  must  be  designed  to  suit  the 
dip  of  the  lode,  whereas  for  those  that  will  not,  the  dip  of  the  lode 
does  not  affect  the  design  in  the  slightest :  nor  do  joints  in  the  rock. 
All  that  the  hning  has  to  do  is  to  prevent  or  restrict  arching  and  iu 
hold  up  loose  ground.  The  problem  is,  therefore,  a  simpler  one 
than  in  ways  through. stoping  areas,  and  it  can  usually  be  aoW^d 
by  a  cheaper  lining. 
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A  ieodency  of  the  back  or  sides  of  excavations  to  frqt  or  arch  up 
jpan  i)e  reduced  by  making  them  originally  of  a  cross-section  most 
suitable  to  contain  the  ring  stresses.  This  then  should  be  the  first 
•method  of  ground  control  in  development.  Since  gravity  greatly 
increases  the  action  of  arching  in  the  back  while  decreasing  that  in 
the  i>ottom  the  shape  at  the  bottom  is  less  important  than  the  shape 
in  the  back.  The  most  suitable  sections  are,  therefore,  the  horseshoe 
or  the  inverted  U.  All  development  in  ground  liable  to  fretting 
in  the  back  should  therefore  be  driven  with  a  rounded,  and  not 
with  a  flat,  back,  while,  if  trouble  is  experienced  in  the  sides  also, 
the  horseshoe  shape  is  better.  When  arching  trouble  is  severe  it  is 
advisable  to  drive  to  a  full  circular  section. 

If  the  trouble  is  not  cured  by  shaping  the  excavation  it  is  then 
necessary  to  put  in  some  sort  of  iining.  In  order  to  stop  arching, 
this  lining  must  be  of  a  rigid  nature  capable  of  taking  stress  ;  loose 
linings  with  packing  around,  although  they  protect  travellers  from 
failing  rock,  do  not  prevent  the  action  of  arching  continuing  behind 
the  packing.  Moreover,  putting  up  a  back  covering  and  allowing 
the  arching  to  continue  above  it  is  not  a  satisfactory  solution.  Not 
only  has  the  covering  to  be  cleared  of  debris  from  time  to  time,  but 
the  effective  excavation,  and  therefore  the  zone  of  influence  of  the 
place,  is  constantly  extending.  For  sohtary  excavations  this  has 
little  effect,  but  where  there  is  a  number  in  juxtaposition  it  is  a 
matter  of  importance. 

There  is  one  type  of  covering  suitable  for  roofing  drifts  and 
crosscuts  of  widths  up  to  10  ft.  which  need  not  be  built  tight  to 
the  back.  It  consists  of  a  thin  arch  of  concrete  sprung  between 
the  rock  sides  of  the  gallery.  No  sidewalls  are  required  to  hold  up 
the  arch  and,  unless  the  rock  sides  are  particularly  smooth  and 
greasy,  pegging  is  also  unnecessary  (see  Fig.  1^).  By  reason  of  its 
shape  this  arch  throws  stress  on  the  ground  in  the  direction  of  the 
arrows  and  this  is  found  sufficient  to  stop  the  action  of  arching 
above  it  completely.  It  is,  therefore,  unnecessary  to  put  packing 
on  the  roof. 

Where  the  back  of  a  large  tunnel  such  as  a  main  haulage  needs 
permanent  support  the  best  section  to  use  is  a  flat  semi-ellipse. 
Mounted  on  sidewalls  of  stone,  brick,  or  concrete  a  concrete  roof 
of  this  shape  is  as  good  as  one-  of  semicircular  section,  while  giving 
more  headroom  close  to  the  sides. 

In  ground  which  is  at  all  liable  to  fret,  large  chambers  should  not 
be  designed  with  flat  roofs.  Such  places  have  frequently  *  arched 
up  '  above  the  roof  to  double  their  original  height,  loading  the  roof 
with  a  great  weight  of  debris  and  doubhng  the  distance  to  which 
their  zone  of  influence  extends.  When  the  amount  of  debris 
becomes  too  great  it  has  to  be  cleared  away  and  then  supports 
are  usually  required  to  check  the  continuance  of  the  action.  These 
usually  take  the  form  of  matt  packs  or  pigsties  built  up  from  the 
flat  roof.  Such  are,  however,  quite  unsuitable  as,  being  com- 
pressible, they  yield  if  weight  comes  on  them  and  permit  the  action 
to  coDtinue,    Moreover,  they  transfer  the  stress  to  the  flat  roof. 
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which  18  ill-designed  to  take  it. 

Flat  roofs,  then,  should  be  avoided  in  all  ground  except  that 
which  it  is  certain  will  stand  without  any  fretting  at  all.  The 
best  lining  for  a  chamber  is  a  rigid  roof,  arch-shape,  built  tight  to 
the  ground.  If  steel  girders  are  to  be  used  they  can  either  be 
bent  to  the  curve  or  built  up  to  form  a  regular  half-polygon.  In 
the  latter  case  the  angles  should  be  blocked  as  tightly  t6  the 
grormd  as  possible. 

In  soft  ground,  or  in  harder  rock  under  very  heavy  stress — that 
is,  in  ground  which'  is  liable  to  fail  all  round — it  is  necessary  to 
put  in  a  complete  lining,  preferably  of  concrete.  It  should  be  of 
elliptical  or  circular  section,  so  that  as  stress  is  transmitted  to  it 
by  the  yielding  ground  it  is  thrown  into  ring  compression  and 
takes  the  place  of  the  smooth  skin  of  the  ideal  cylindrical  excavation 
of  theory. 

In  using  concrete  for  the  support  of  mining  excavations  of  all 
types  the  object  of  the  engineer's  design  should  always  be  to  stress 
Ins  concrete  in  compression  only  and  not  to  subject  it  to  bending 
stresses.  Reinforcement  is  therefore  usually  unnecessary.  The 
engineer  should  avoid  flat  surfaces  and  angles,  and  curve  as  many 
of  his  structures  as  possible.  This  is  not  so  difficult  nor  so  expensive 
as  it  may  sound. 

8on>e  engineers,  when  they  line  an  excavation  with  concrete, 
tteparate  it  from  the  ground  by  a  cushion  of  packing  in  the  mistaken 
idea  of  protecting  it  from  stress.  Behind  that  packing,  arching  is 
free  to  continue  until  packing  and  debris  become  so  tightly  jammed 
as  to  transfer  the  stress  to  the  concrete.  Since  in  the  case  of  an 
arch  of  inverted-U  shape  the  packing  will  be  tightest  at  the  bottom 
of  the  sidewalls  and  loose  against  the  back,  the  concrete  will  be 
stressed  unequally,  the  straight  portions  of  the  sidewalls  receiving 
the  heaviest  pressure.  By  building  concrete  or  brickwork  tight 
to  the  ground  a  smaller  excavation  is  needed  for  the  same  finished 
size,  the  construction  of  the  lining  is  simpler,  the  cost  and  labour  of 
packing  is  eliminated,  and  the  lining  is  stressed  evenly  and  in 
compression.  Moreover,  a  gradual  increase  of  the  zone  of  influence 
due  to  arching  is  prohibited.  In  shaft  sinking  especially  all  these 
points  are  of  the  greatest  importance. 

From  the  ground-control  point  of  view  the  rectangular  shaft 
with  its  timber  lining  has  nothing  to  recommend  it.  It  owes  its 
popularity  solely  to  the  facts  that  timber  can  be  used  for  the  lining, 
that  rectangular  compartments  are  formed  with  a  minimum 
wastage  of  space,  and  that  the  lining  can  bo  built  downwards 
closely  following  the  sink.  Otherwise,  the  straight  sides  of  rect- 
angular shafts  are  unsuitable  for  bad  ground  or  rock  under  heavy 
stress,  because  considerable  fretting  can  "take  place  on  the  flat 
sides,  unseen  until  the  lagging  planks  are  broken  by  the  stresses 
transmitted  through  the  debris. 

The  use  of  compressible  supports,  except  in  excavations  wliich 
wiD  be  subjected  to  the  squeeze  of  stope  walls,  is  basically  ^^TO\i%. 
The  resistance  offered  hy  such  supports  to  ground  moveu\eiv\»  V^ 
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small  at  first,  increasing  as  the  support  is  compressed.  *  Since  the 
object  of  supports  in  such  circumstances  is  to  prohibit  ground 
movement,  materials  which  are  only  effective  after  considerable 
movement  has  taken  place  are  therefore  unsuitable.  For  instance, 
if  a  place  has  a  flat  roof  and  a  support  becomes  necessary  under  the 
middle  of  the  span,  that  support  should  be  as  rigid  as  possible,  so 
that  the  moment  the  rock  over  it  moves,  the  support  is  heavily 
stressed  and  resists  the  movement.  Suitable  supports  in  such 
cases  are  posts  of  steel,  timber,  or  concrete  ;  pigsties  or  matt  packs 
are  not  suitable.     The  differences  in  the  stress  distribution  and  the 
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Fig.  13. 
amount  of  arching  permitted  with  coniprossible  and  rigid  supports 
in  such  a  case  are  illustrated  in  Fig.  18. 

The  Support  of  Ground  in  Stopino 

Before  considering  the  methods  suitable  for  controlling  the 
closure  of  stope  walls  it  is  necessary  to  study  the  manner  in  which 
that  closure  takes  place  and  the  effect  which  it  has  on  the  stresses 
in  the  ground. 

T/i6  Closure  oj  Stope  Walls 

So  far  all  the  excavations  considered. have  been  shafts,  drifts, 
chambers,  and  similar  places,  but  the  same  theories  can  be  used 
equally  in  stoping,  although  the  application  of  the  theory  is  some- 
what different  owing  to  the  very  large  extension  of  stopes  in  two 
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dimennbns  compared  with  the  third. 

For  a  Btoped  area  to  arch  itself  out  to  a  spheroidal  shape,  as 
postulated  by  Crowle  in  his  theory  of  fracture  doming  (^),  would 
mean  in  many  cases  an  enormous  amount  of  fracturing  and  move- 
ment, resulting  in  a  very  large  effective  excavation.  In  some 
cases  the  intensive  fracture  doming  does  take  place,  in  others 
there  is  no  sign  of  it,  and  the  absence  of  any  fracture  doming  on 
some  fields  threw  the  whole  doming  theory  into  question.  Fracture 
doming  is,  however,  entirely  incidental ;  just  as  visible  arching 
may  or  may  not  occur  inside  the  stress  zone  enveloping  a  develop- 
ment heading,  so  may  fracture  domes  form  or  not  form  inside  the 
surrounding  stress  envelope. 

The  actual  effects  of  opening  up  a  new  stoping  area  are  some- 
what as  follows  :  As  soon  its  a  stope  is  started  its  walls,  no  longer 
held  back  by  the  lode  matter,  begin  to  close  in.  In  the  previous 
paper  (^)  this  was  accpunted  for  by  the  expansion  of  the  rock  under 
relief  from  stress  together  with,  in  some  cases,  some  fracture 
doming.  The  action  was  attributed  to  increasing  pressure  as  the 
stope  face  advanced.  When  the  stope  was  stopped  but  closure 
continued  for  a  while  it  was  attributed  to  increasing  pressure  on 
the  immediate  walls  owing  to  rock  fractures  and  movements  behind 
them.  It  is  now  obvious  that  the  inward  closure  of  stope  walls 
is  only  partly  duo  to  expansion  under  the  immediate  relief  from 
stress,  a  considerable  portion  of  the  movement  being  due  to 
time-strain,  or  creep. 

Suppose,  then,  an  area  of  lode  is  stoped  out  and  left  unsupported. 
If  the  walls  are  of  strong  uncracked  rock  they  will  stand;  but  they 
will  be  bent  in  towards  each  other  in  the  centre  of  the  area  (see 
Fig.  14).  The  closure  of  the  stope  walls  will  take  place,  partly 
immediately  on  opening  up  the  stope  by  expansion  of  the  wall 
rock,  and  partly  in  time  by  pseudo-plastic  deformation  or  creep. 
As  is  well  known  the  latter  movement  may  continue  in  practice 
for  a  considerable  period  of  time  after  stoping  is  stopped  ;  if  the 
stope  is  big  enough  it  may  continue  until  failure  of  one  of  the 
walls  occurs.  Now  the  excavation,  when  formed,  will  be  ringed 
around  by  a  zone  or  envelope  under  increased  stress,  as  shown  in 
the  figure.  Within  this  zone  will  be  a  dome,  in  which  expansive 
movement  of  the  rock  towards  the  open  stope  has  relieved  it  of 
any  part  of  the  stress.  This  movement  is  indicated  by  the  arrows. 
The  movement,  with  its  resultant  stress  relief,  will  be  greatest  in 
the  immediate  wall  and  will  lessen  as  the  distance  from  that  wall 
increases,  until,  at  the  edge  of  the  stress  zone,  the  rehef  will  be 
zero — that  is,  the  stress  will  equal  that  originally  in  the  rock. 
Beyond  that  point  increased  stresses  will  be  found.  The  action 
is  identical  with  that  alreadv  described  as  the  natural  stress  relief, 
which  converts  drifts  of  rectangular  section  into  effective  excava- 
tions of  circular  or  elliptical  shape.  (When  the  stress  at  a  certain 
point  is  mentioned,  the  highest  of  the  throe  components  of  stress 
is  tneant.^ 


24  JACK   SPALDINGh-: 

be  stoped  ;  thirdly,  on  the  physical  nature  of  the  wallrocks ; 
fourthly,  on  the  materials  available  locally ;  and,  finally,  on  the 
value  of  the  ore,  with  which  the  cost  of  the  supports  is  concerned. 

When  the  area  to  be  stoped  is  small  and  the  rock  is  strong  and 
the  depth  not  great  it  is  possible  to  mine  without  ground  control. 
The  walls  of  the  stopes  are  sufficiently  strong  to  withstand  such 
bending  and  shearing  stresses  as  are  imposed  on  them,  and  the 
.stopes .  are  left  unsupported  until  complete.  Some  Cornish  tin 
mines  may  be  cited  as  an  example.  At  greater  depths,  however, 
and  with  weaker  rocks,  some  sort  of  ground  control  is  necessary. 
The  purpose  of  this  control  is  not  to  prohibit  movement  of  the 
rocjk  walls — that  ideal  is  not  possible — but  so  to  control  their 
movement  that  excessive  closure  does  not  take  place  in  that  part 
of  the  stope  in  which  men  are  working — that  is,  along  the  advancing 
faces.  If  the  stope  face  is  steadily  advancing  while  the  walls 
steadily  close  in  behind,  the  miners  are  all  the  time  working  between 
newly-placed  and  little-stressed  supports.  Should  the  face  be 
halted  for  any  reason  the  action  of  closure  does  not  stop  in  syn- 
chronism, but  catches  up,  so  to  speak,  on  the  face  advance.  As  a 
result  of  this  the  walls  gradually  become  more  acutely  bent  at  the 
face  and  are  liable  to  shear  off  alo^g  it. 

One  necessity  for  efficient  ground  control  is,  therefore,  a  steady 
and  reasonably  rapid  advance  of  the  face.  A  second  is  that  the 
oreshoot  should  be  mined  in  such  a  way  that  at  no  time  in  the 
operation  is  any  pillar,  remnant,  or  acute-angled  single  promontory 
of  ground  formed.  This  means  advance  by  a  series  of  stopes 
progressing  in  the  same  direction,  of  which  the  faces  form  roughly 
a  straight,  curved,  or  stepped  line. 

If  these  two  requirements  are  observed,  the  walls  will  close  in 
smoothly  and  regularly  whatever  kind  of  supports  are  used,  and 
there  is  the  greatest  chance  of  the  closure  occurring  entirely  by 
flexure  and  not  by  the  occurrence  of  major  shear  cracks.  The 
important  point  is* that  the  necessary  movements  of  the  rocks 
should,  if  possible,  be  made  to  take  place  without  fracture.  If  this 
oan  be  done  perfect  ground  control  is  obtained.  When  shearing 
of  the  walls  is  common,  however,  the  occurrence  of  the  fractures 
cannot  be  controlled — they  may  occur  anj^where  and  at  any  time, 
quietly  or  suddenly  (rockburst). 

The  simplest  form  of  ground  control  in  stoping  is  to  allow  the 
walls  to. come  together  and  control  each  other  without  the  inter- 
po^g  of  supports.  In  stoping  narrow  lodes  where  the  rock  of 
1>oth  walls  is  such  that  closure  will  take  place  by  bending  rather 
than  by  fracture,  this  practice  can  be  followed.  It  is  usually 
Hdyjsable  to  put  in  a  few  compressible  supports  near  the  face  in 
order  to  restrain  the  closure  from  coming  on  too  rapidly,  and  so 
to  reduce  the  risk  of  one  of  the  walls  shearing  off  along  the  face. 
ThQse  supports  may  be  left  in  to  crush  up  to  practically  nothing, 
or  they  may  be  withdrawn  behind  the  area  in  which  miners  are 
working,  in  order  to  allow  the  walls  to  close  right  in.    As  an 
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alternative  to  compressible  supports  light  stull  timbers  are  some- 
times used.  These  automatically  break  and  fall  out  as  closure 
progresses.  Once  the  two  walls  are  resting  solidly  together  no 
further  movement  is  possible,  levels  can  be  remade  along  their 
plane  of  contact,  and  excavations  inside  the  walls  will  be  out  of 
danger  of  any  further  trouble.  Since,  however,  the  total  closure 
permitted  in  this  method  is  so  great  it  is  difficult  to  provide  the 
original  levels  with  a  lining  which  will  remain  efficient  until  and 
after  closure  is  complete. 

It  seems  obvious  that  the  less  the  closure  permitted  the 
easier  it  is  to  keep  levels  on  lode  open,  the  less  the  strain  on  the 
stope  walls  in  bending  in  behind  the  face,  and  the  less  the  pene- 
tration of  the  zones  under  stress  into  the  walls.  In  fact,  if  it  were 
possible  to  put  in  supports  so  strong  and  so  close  to  the  face  that 
no  closure  at  all  were  permitted,  there  would  be  no  zone  under 
increased  stress.  This  is  manifestly  impossible,  because  the 
moment  rock  is  blasted  out  movement  of  the  walls  commences,  so 
that  before  a  support  can  be  got  in  considerable  closure  will  have 
occurred.  The  movement  which  takes  place  between  the  original 
positions  of  the  walls  and  those  when  a  support  has  been  placed 
can  be  termed  the  *  lost  closure  *,  because  no  matter  how  efficient 
that  support  is,  it  cannot  check  closure  that  has  already  occurred. 
The  total  closure  which  takes  place  in  a  stope  depends,  therefore, 
first  on  the  lost  closure  and  then  on  the  rigidity  of  support.  To 
allow  considerable  lost  closure  to  take  place  and  then  to  put  in 
expensive  supports  is  bad  practice  ;  the  cost  of  such  supports  will 
be  largely  wasted,  as  much  of  the  closure  they  are  designed  to 
check  will  have  taken  place  before  they  are  inserted. 

For  efficiency  in  supporting,  therefore,  the  most  important  thing 
is  to  reduce  the  lost  closure  to  a  minimum — that  is,  to  get  the 
supports  in  as  close  to  the  face  and  as  soon  after  the  blast  as  possible. 

Once  a  support  has  been  interposed  the  amount  of  further 
closure  that  will  occur  depends  on  the  stress  on  the  rock — that  is, 
on  the  depth,  on  the  percentage  control  used,  and  on  the  rigidity 
of  the  supporting  material.  Since  for  any  given  place  the  depth 
is  fixed,  the  closure  of  the  stope  walls  can  be  regulated  only  by 
varying  either  the  percentage  of  supports  used  or  their  rigidity. 
The  less  the  percentage  support — that  is,  the  fewer  the  number 
of  supports  used — the  greater  will  be  the  stress  on  each  one,  the 
more  it  will  yield  to  that  stress,  and  the  greater  will  be  the  closure 
permitted.  It  is  important  that  the  percentage  of  ground 
supported  should  be  sufficient  to  prevent  failure  of  individual 
supports  under  excessive  stress,  except  when  their  failure  and  full 
closure  of  the  walls  to  mutual  contact  is  part  of  the  design.  By 
increasing  the  rigidity  of  the  supports  used  for  any  given  per- 
centage support,  the  amount  of  closure  permitted  is  reduced. 
Since,  in  general,  the  more  rigid  the  material  the  greater  its  cost 
for  a  given  percentage  support,  very  rigid  supports  will  not  be 
used  except  where  local  circumstances  render  them  neceaaaiy . 
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Surface  Interference  witk  Doming 
When  an  area  to  be  stoped  ifl  very  large  and  the  lode  has  a 
fairly  flat  dip,  as  in  coal  mining  and  on  some  parts  of  the  Rand, 
the  stresa  zones  eventually  reach  eurface,  whereafter  they  cease  to 
exiet  as  domes.  All  the  weight  of  rock  lying  above  the  stoped 
area  must  then  rest  on  the  supports.  A^t  the  same  time  the  stress 
on  the  rock  ahead  of  the  stope  faces  (the  abutments  of  the  old 
stress  dome)  is  reduced,  as  the  weight  of  rock  above  the  stress 
dome,  previously  carried  by  it  and  transferred  to  those  abutments. 


is  now  resting  directly  on  the  supports  (see  Fig.  15). 

In  any  large  stoped  area  there  are  two  parts — a  central  area 
aud  an  outer  ring.  In  the  central  area  equilibrium  has  been 
established,  and  hanging  and  foot  are  either  in  contact  or  held 
by  fully -com  pressed  supports.  Further  extension  of  stoping  doex 
not  affect  the  rocks  nor  the  supports  in  this  area.  Between  this 
central  portion  and  the  surrounding  ends  of  ground  there  is  an 
annular  zone  in  which  the  wallrocks  are  subjected  to  bending 
stresses  and  are  in  process  of  inward  movement.  In  this  annular 
zone  are  supports,  newly  put  in,  which  are  not  fully  compressed 
and  BO  have  not  yet  arrested  the  closure  of  tho  walls.  Stresses 
coming  on  the  walls  in  this  area  are  taken  largely  by  the  rock  in 
the  face  on  which  the  walls  rest  as  cantilevers,  but  partly  also  by 
the  newly-put-in  supports  and  partly  by  the  fully-compressed 
supports  on  the  fringe  of  the  central  area.  In  the  figures  this 
annular  zone  has  been  ignored,  as  it  is  very  small  compared  with 
the  whole. 

When  domes  eventually  reach  the  surface,  the  stress  the  supportM 
will  ultimately  be  called  upon  to  bear  is  calculable.  Suppose  the 
depth  is  2,500  ft.,  then  the  weight  of  superincumbent  rock  Lc 
200  tons  per  sq.  ft.  of  horizontal  area.  Since  a  rock-filled  pigsty 
or  cog  of  good  quality  cannot, be  expected  to  withstand  a  load 
much  greater  than  this,  and  that  only  after  30  per  cent  com- 
pression ('),  it  follows  that  in  a  flat  lode  nearly  100  per  cent  support 
of  such  pigsties  would  be  required  to  restrict  the  closure  to  SO  per 
cent.  Clearly  this  is  economically  impossible  ;  it  is  also  unneces- 
sary, for  if  100  per  cent  support  is  to  be  used  and  80  per  cent 
closure  tolerated,  sand  or  waste-rock  filling  would  be  equally 
effective  and  much  cheaper. 
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It  follows  that  when  the  area'  eventually  to  be  stoped  is  very 
large  it  will  be  idle  to  attempt  to  keep  the  walls  apart  in  the  centre 
of  the  area  other  than  by  some  sort  of  filling.  Such  supports  afet 
are  used  in  the  working  stopes  will  be  merely  to  ease  the  closing 
walls  on  to  that  filling,  with  which  they  will  eventually  become 
merged.  Where  no  filling  is  used  their  purpose  will  be  to  ease 
the  walls  in  until  they  are  in  contact  with  one  another  and  in  such 
cases  a  type  of  support  should  be  chosen  which  will  remain  efficient 
until  squeezed  to  a  mere  fraction  of  its  original  dimension.  The 
best  units  for  this  purpose  are  some  form  of  pigsty  filled  with  waste, 
small  mat  packs,  or  waste-rock  packs. 

In  this  context  it  may  be  pointed  out  that  if  the  foot-wall 
consists  of  a  much  softer  rock  than  the  hanging,  so  that  practically 
all  the  immediate  closure  occurs  by  the  upward  expansion  of  the 
foot,  it  must  not  be  supposed  that  there  can  never  be  any  surface 
subsidence.  If  stoping  is  widely  extended  the  weight  of  the 
overlying  rock  will  eventually  be  transferred  to  the  foot-wall, 
either  by  direct  contact  or  through  filling.  Thus  the  foot-wall 
will  again  be  subjected  to  the  weight  of  the  overlying  strata  and 
will  be  recompressed  by  it.  In  other  words,  the  foot-wall,  being 
weaker,  closes  in  more  rapidly  and  in  advance  of  the  hanging, 
but  the  latter,  when  it  later  comes  down,  forces  the  foot-wall  back 
again.  Thus  normal  subsidence  of  the  surface  can  be  expected 
in  such  cases. 

In  mining  flat  lodes  when  the  area  to  be  stoped  is  small  compared 
to  the  depth,  and  when  the  dip  is  steep  in  areas  of  all  sizes,  part 
of  the  total  stress  which  used  to  pass  through  the  lode  before  it 
was  mined  out  is  diverted  through  the  stress  zone  on  to  the  abut- 
ments— that  is,  on  to  the  lode  ahead  of  the  ends  of  ground.  In 
such  cases,  therefore,  the  supports  will  not  have  to  suffer  such 
heavy  squeeze  as  when  the  stress  dome  reaches  and  is  broken  by 
the  surface.  On  the  other  hand,  the  rocks  ahead  of  the  faces  will 
be  more  highly  stressed  than  in  that  case. 

This  conception  is  illustrated  in  Figs.  16  and  17.  In  Fig.  16, 
which  represents  a  large  area  of  stoped  ground,  where  the  stress 
zone  has  been  broken  by  the  surface,  the  vertical  stresses  through 
the  horizontal  lode  shown  are,  in  the  worked-out  portion,  of  normal 
value,  Q.  In  the  annular  area  in  which  the  walls  are  bending 
towards  each  ot)ier  or  to  the  filling,  a  little  stress  is  taken  through 
the  partly-compressed  supports,  but  the  majority  is  thrown  on 
to  the  rock  ahead  of  the  ends  of  ground.  This  is  transtnjrtted 
through  the  small  annular  dome  under  stress  which  bridges  this 
span  of  lightly-supported  walls.  The  breadth  of  the  stress  zone 
in  the  rock  ahead  of  the  faces  (or,  in  other  words,  the  zone  of 
influence  of  the  stope)  is  thus  dependent  on  the  breadth  of  the 
lightly-supported  rock  spanning  between  the  faces  and  fully- 
compressed  filling. 

The  reasoning  given  affords  an  explanation  of  why  leas  ItovjJaV 
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Ib  likely  to  be  experienced  when  filling  is  used  than  when  the  walls 
axe  allowed  to  come  together.  It  is  because  in  the  former  case 
the  movement  of  the  walls  is  arrested  by  the  filling  much  sooner 
than  it  would  be  by  their  mutual  contact  were  no  filling  used. 
The  span  of  the  lightly-supported  walls  is  correspondmgly  much 
less,  with  the  result  that  the  breadth  of  the  stress  zone  is  also  less. 
In  Other  words,  the  less  the  total  closure  permitted  the  less  the 
span  of  lightly-supported  walls  between  fully-compressed  supports 
and  the  face,  and  the  less  the  breadth  of  the  zone  under  appreciable 
stress  ahead  of  the  face.  Therefore,  the  less  the  lost  closure  the 
greater  the  percentage  suppoft,  and  the  greater  the  rigidity  (or 
resistance  to  closure)  of  the  supports  the  less  will  be  the  disturbance 
caused  to  the  distribution  of  stress  in  the  ground* 
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In  Fig.  17,  \^ich  represents  a  small  area  stoped  on  a  horizontal 
lode,  there  is  a  stress  dome  covering  the  whole  area  and  inside  it 
an  annular  dome  of  stress  bridging  the  span  between  the  ends 
of  ground  and  fully-compressed  supports.  The  rock  ahead  of  the 
faces  has  in  this  case  to  form  the  abutment  not  only  of  the  small 
annular  dome  but  also  of  the  big  dome  covering  the  area.  The 
breadth  of  the  stress  zone  in  it — that  is,  the  zone  of  influence  of  the 
stope — is  in  this  case  much  greater. 
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When  a  small  stoped  area  as  shown  in  Fig.  17  is  gradually 
extended  ontil  the  stress  dome  reaches  surface,  the  distribution  of 
stress  changes  to  that  shown  in  Fig.  16.  The  disturbance  caused 
is  considerable.  The  zone  of  influence  of  the  stoped  area  of  the 
rock  ahead  of  the  faces  is  reduced — that  is,  at  any  point  (F,  Fig.  18) 
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of  the  face  the  stress  is  reduced.  On  the  other  hand,  the 
stress  on  the  supports  in  the  middle  of  the  area  will  be  increased. 
This  will  cause  a  further  compression  of  those  supports  which, 
since  the  area  involved  is  necessarily  a  large  one,  will  result  in  the 
movement  of  an  enormous  mass  of  rock.  Should  the  action  take 
place  suddenly  a  series  of  earth  tremors  is  to  be  expected  which 
may  cause  rockbursts  affecting  not  so  much  the  working  stopos 
as  the  worked-out  areas  and  particularly  excavations  in  the  walls 
opposite  those  areas.  Alternatively,  apart  from  the  heavy  shocks. 
there  may  be  no  other  effects. 

The  removal  of  a  number  of  pillars  which  have  hitherto  pre- 
vented doming  over  a  stoping  area  from  reaching  surface,  will 
often  cause  sudden  and  violent  readjustments  of  this  nature. 
More  commonly,  however,  the  rock  near  surface  is  softer  and  much 
broken  up,  so  that  when  the  stress  zone  reaches  it  the  change-over 
from  the  conditions  shown  in  Fig.  17  to  those  of  Fig.  16  takes  place 
slowly  and  gradually  and  will  often  be  imperceptible. 

With  regard  to  the  possibility  of  rockbursts  occurring  as  a  result 
of  the  sudden  movement  of  a  large  mass  of  hanging-wall  rock  as 
envisaged  above,  it  should  be  noted  that  if  no  supports  are  used 
and  hanging  and  foot  have  previously  come  together,  the  amount 
of  movement  permitted  by  the  collapse  of  the  stress  dome  will 
be  much  less.  It  will,  in  fact,  be  reduced  to  the  further  recom- 
pression of  the  rocks  of  hanging-  and  foot-wall,  much  of  which 
recompression  will  take  place  slowly  by  creep.    The  priic\i\i&^  ol 
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using  no  supports  is  therefore  inherently  safer  from  this  point  of 
view,  but  only  if  nothing  has  been  left  in  the  stopes  to  prevent 
total  (100  per  cent)  closure,  and  only  if  the  stope  width  is  reasonably 
constant. ' 

If  the  stope  width  varies  considerably  foot  and  hanging  will 
come  into  contact  only  at  points  where  the  stope  was  narrowest. 
These  points  will  then  transmit  very  heavy  stresses,  while  those 
where  the  stope  was  wider  will  transmit  none.  Excavations  in 
the  walls  opposite  the  former  will  then  be  liable  tp  suffer  heavy 
punishment.  The'  use  of  a  regular  system  of  supports  will  lessen 
this  unevenness  of  stress  distribution,  especially  if  more  rigid 
supports  are  used  in  the  wide  places  than'  in  the  narrow. 

When  an  area  is  stoped  from  a  steeply-dipping  lode,  the  stress 
distribution  is  similar  to  that  shown  in  Fig.  17,  whether  the  area 
is  large  or  small,  with  the  difference  that,  provided  that  the  top 
of  the  area  is  still  a  considerable  distance  below  surface,  the  stress 
domes  are  unlikely  to  reach  surface  if  the  area  is  extended. 

Closure  by  Shear 

As  considered  so  far  the  object  of  ground  control  has  been  to 
control  the  closure  of  stope  walls  so  that  they  bend  evenly  in 
without  fracture  until  arrested  by  supports  or  by  each  other.  In 
this  context  trivial  breaks  in  the  immediate  wall  which  do  not 
penetrate  to  any  appreciable  depth  are  not  considered  as  fractures. 
In  the  examples  given  it  has  been  assumed  that  the  object  has 
been  achievable.  In  cases  where  the  ratio  of  stress  to  rock  strength 
is  excessive,  however,  it  may  be  impossible,  even  with  the  most 
rigid  and  close  supporting,  to  prevent  fracture  of  the  walls. 
Fracturing  in  shear  then  takes  place  either  regularly  and  imme- 
diately, or  occasionally. 

With  regular  shearing  of  either  wall  closure  comes  on  very 
rapidly  close  to  the  face,  and  the  wall  affected  becomes  ragged  and 
broken.  The  shearing  takes  place  after  every  blast,  either  as  a 
single  crack  or  a  multitude  of  parallel  cracks  (stepped  shear). 
Should  such  shearing  be  held  up  by  a  patch  of  rock  that  is  locally 
stronger  than  the  rest,  stresses  may  build  up,  so  that  when  the 
failure  eventually  occurs  it  takes  place  suddenly  and  violently 
(rockburst).  Since  the  violence  of  a  rockburst  depends  on  the 
mass*  of  rock  which  is  permitted  to  move  by  the  occurrence  of 
shear,  the  aim  of  ground  control  in  such  circumstances  must  be 
to  reduce  the  mass  of  rock  likely  to  be  affected  and  the  distance 
it  may  be  permitted  to  move  to  a  minimum.  In  or.der  to  achieve 
this  object : 

(a)  supports  should  be  as  rigid  as  possible  ; 

(h)  they  should  be  of  a  type  which  does  not  fail  under  shocks 
and  live  loads  ; 

(c)  the  percentage  control  used  should  be  high  ;  and 

(d)  lost  closure  should  be  reduced  to  a  minimum  by  placing 
.supports  as  close  to  the  face  and  as  quickly  as  possible.     For  the 
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last-named  requirement  (d)  it  follows  that  the  more  rapid  the 
advance  of  the  face  the  better,  because  there  is  less  time  for  closure 
by  creep  before  supports  are  got  in. 

It  follows  that  waste-rock  filling  is  not  a  suitable  medium  for 
control. in  such  cases  because  it  usually  permits  80  per  cent  or 
even  40  per  cent  closure  before  it  becomes  thoroughly  compacted 
and  brings  the  movement  to  a  standstill.  Sand-filling  is  usually 
compressible  by  10-25  per  cent,  depending  on  ihe  dip  and  method 
of  stowage.  When  well  stowed  it  iSr  therefore,  a  more  suitable 
medium.  The  rigidity  of  waste-rock  filling  may  be  increased  by 
the  addition  of  just  enough  sand  to  fill  the  voids  between  the 
fitones.  The  quantity  used  should  not  exceed  this  or  there  may 
be  a  tendency  for  the  filling  to  flow  under  stress,  causing  confining 
difficulties. 

■ 

Speed  of  Face  Advance 

While  it  has  been  reasoned  that  rapid  advance  of  the  face  is 
advisable  under  conditions  of  heavy  stress  where  clodure  by  shear 
occurs  regularly  or  where  occasional  shear  cracks  occur,  this  does 
not  apply  to  other  conditions.  Where  closure  occurs  by  bending 
without  risk  of  fracture,  time  is  necessary  ^to  allow  sufficient  creep 
to  take  place.  In  such  cases  too  rapid  an  advance  of  the  face 
may  mean  that  insufficient  time  is  given,  so  that  the  breadth  of 
walls  spanning  between  the  face  and  fully-compressed  supports 
becomes  excessive.  This  results  in  throwing  excessive  squeeze  on 
the  rock  in  the  face  and  excessive  bending  stresses  in  the  wall- 
rocks.  For  each  set  of  circumstances  there  is,  therefore,  from  the 
ground-control  point  of  view,  an  optimum  rate  of  face  advance. 
This  optimum  rate  can  as  yet  only  be  determined  by  experience. 

Special  Methods  of  Ground  Control 

Caving 

Under  some  conditions  the  closing-in  of  stope  walls,  while 
occurring  evenly  and  without  fracture,  progresses  too  rapidly — so 
rapidly,  in  fact,  that  it  commences  ahead  of  the  face.  Ihe  effect 
of  this  is  that  the  lode  in  the  face  is  subjected  to  excessive  squeeze, 
as  between  the  jaws  of  a  vice,  with  the  result  that  it  is  constantly 
cracking  up  and  spitting  out,  to  the  danger  of  the  miners.  This 
tendency  could  be  reduced  by  increasing  the  speed  of  advance  of 
the  face  or  by  putting  in  a  greater  percentage  of  a  sufficiently  rigid 
support  close  to  it.  In  many  cases,  however,  costs  and  other 
t-echnical  reasons  will  render  these  methods  impossible.  It  is 
found  that  by  deliberately  breaking,  or  allowing  to  break,  the 
hanging-wall  of  a  stope  at  a  safe  distance  behind  the  face,  some 
of  the  bending  stress  is  removed  from  that  wall  and  the  squeeze 
on  the  lode  in  the  face  is  reduced.  The  effect  is  to  convert  closure 
by  bending  to  closure  by  shear,  the  latter  taking  place,  not  at  the 
face  where  it  causes  trouble,  but  under  control  further  back  at  the 
caving  break. 
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If  the  hanging-wall  is  considered  as  a  heavily-loaded  cantilever 
gripped  between  the  face  and  the  rock  which  lies  above  it,  it  will 
readily  be  seen  that  the  efTect  of  caving  will  be  to  shorten  the  over- 
hanging length  of  the  cantilever  and  therefore  to  reduce  the  stress 
on  its  fulcnim,  the  lode  in  the  face  (see* Fig.  19).     The  method  is 

WALLS,  BENDING  IN  TO    CONTACT  (OR  SUPPORTS) 


Fig.  19. 

particularly  suitable  for  wide  lodes  where,  whatever  kind  of  supports 
are  used,  a  large  amount  of  closure  is  bound  to  take  place.  As  the 
area  stoped  is  extended,  the  length  of  the  cantilever  and  its  loading 
continue  to  increase  almost  indefinitely.  The  method  is  also  used 
successfully  in  narrow  lodes — as,  for  example,  in  the  Sub  Nigel 
mine. 

In  most  mines  all  that  is  necessary  in  order  to  provoke  caving 
of  the  hanging-wall  is  to  withdraw  the  supports  at  a  fixed  distance 
behind  the  working  faces,  whereupon  the  ground  caves  automatic- 
ally. In  some  mines,  however,  the  wall  must  be  deliberately 
broken  by  blasting  to  start  the  action  of  caving,  whereafter  it 
usually  continues  automatically.  Since  broken  rock  occupies  much 
more  space  than  it  did  when  solid,  the  debris  from  caving  soon 
fills  both  stope  and  cave  completely.  Thereafter  further  caving 
stresses  the  debris,  which  acts  from  then  on  as  filhng. 

Swpport  by  Pillars 

When  an  oreshoot  is  worked  outwards  from  the  main  artery, 
continually  lengthening  communications  have  to  be  kept  open 
through  or  in  the  wall  opposite  stoped-out  areas.  The  cost  of 
keeping  such  ways  open  is  usually  high  and  there  is  always  the 
risk  of  a  collapse.  Both  expense  and  risk  can  be  avoided  if  the 
oreshoot  is  mined  by  retreat  from  the  boundary  towards  the  main 
artery.  In  the  majority  of  mines  this  practice  is  rendered  difficult 
because  production  is  required  before  the  boundary  is  reached. 
Early  production  can,  however,  be  attained  without  sacrifice  of 
the  principle  of  stoping  by  retreat,  by  mining  over  the  areas  twice — 
first  outwards  from  the  main  artery,  leaving  behind  a  series  of 
substantial  pillars  of  ore  in  order  to  prevent  general  closure  over 
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the  area ;  and  then  in  retreat,  mining  the  pillars  from  the  boandorj 
backwards.  In  the  secnnd  operation  the  stoped  area  is  com- 
pletely abandoned  and  allowed  to  cave  in^  Thua  the  expenditure 
on  ground  control  is  reduced  to  a  minimum.  The  method  K 
eonunon  practice  in  American  coal  min«R. 

Stepped  LongvKill 

The  longwall  system  of  stoping  has  long  been  advocated  as  an 

ideal,  because  when  all  the  atope  faces  are  in  an  even  line  and 

progressing  at  a  regular  rate  the  greatest  inducements  are  offered 

to  the  wallrocks  to  close  in  evenly  and  regularly. 
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Unfortunately  this  practice  also  affords  the  rock  of  the  walls 
(be  maximum  opportunity  to  shear.  Considering  the  walls  behind 
the  stope  faces  as  long  cantilevers  more  or  less  uniformly  loaded, 
the  maximum  tendency  to  shear  is  along  the  stope  face,  the  shear 
decreasing  as  the  distance  from  tbe  stope  face  increases.  It 
follows  that  the  shorter  the  length  of  the  face  between  two  points 
the  shorter  will  be  the  length  of  the  line  of  maximum  shear  and 
the  greater  will  be  the  tendency  to  shear.  Since  a  straight  line 
'  is  tbe  shortest  distance  between  two  points ',  it  follows  that  the 
straight  longwall  puts  the  greatest  shearing  stress  on  the  wall- 
rocks.  Therefore,  when  the  walls  of  stopes  show  a  tendency  to 
shear,  tbe  straight  longwaU  method  of  stoping  is  not  to  be  recom- 
mended. If  used  in  such  circumstances,  heavy  supporting  with 
rigid  materials  is  necessary  to  prevent  the  fractures  from  occurring 
along  the  working  faces — for  example,  the  steel  props  used  in 
Kngliah  coUiery  practice. 
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If,  while  keeping  the  faces  roughly  in  line,  individual  stopes 
are  arranged  to  form  a  series  of  bays  and  promontories  the  length 
of  the  total  face  is  increased,  so  that  for  a  given  area  of  hanging- 
wall  the  length  of  the  line  of  maximum  shear  stress  is  also  increased. 
This  reduces  the  possibility  of  shear  occurring  along  the  face.  The 
two  methods  are  illustrated  in  Fig.  20. 

In  stepped  longwall  the  walls  in  the  bays  are  controlled  largely 
by  the  lode  left  in  the  promontories.  Actually  general  closure  will 
usually  start  in  advance  of  the  points  of  the  promontories,  so  that 
the  latter  are  crushed  by  the  squeeze.  Since  the  lode  at  these 
points  has  two  free  faces,  violent  spitting  is  unusual,  and  the  effect 
is  commonly  a  quiet  yielding  which  facilitates  breaking  ground. 
Thus  general  closure  of  the  walls  is  initiated  by  the  failure  of  the 
lode  and  progresses  slowly  and  gently.  It  is  only  on  a  line  along 
the  points  of  the  promontories  that  there  is  any  considerable 
tendency  to  shear,  and  the  vast  majority  of  men  are  working  in 
advance  of  this  line.  In  any  case  the  shear  stress  along  this  line 
is  much  less  than  the  maximum  shear  stress  which  is  found  at  the 
faces,  and  so  the  hkelihood  of  fracture  of  the  wallrock  is  proportion- 
ately less. 

This  method,  then,  is  inherently  safer  than  the  true  longwall 
system,  the  only  trouble  likely  to  occur  being  by  reason  of  the 
points  of  the  promontories  crushing  excessively.  This  can  usually 
be  controlled  by  altering  the  size  and  proportion  of  the  steps  apd 
increasing  the  angle  of  the  promontories  in  the  manner  indicated 
in  Fig.  21.  The  method  is  widely  practised  in  the  American 
collieries  (^). 

SUMMARY 
Stress 

( 1 )  Save  in  exceptional  circumstances  the  three  components  of  stress  in 
a  rock  mass  at  depth  approach  equality. 

(2)  All  excavations,  whatever  their  shape,  are  surrounded  by  an  envelope 
under  stress  greater  than  that  pre-existing  in  the  rock. 

(3)  The  shape  of  this  envelope  varies  from  the  spherical,  through  all 
variations  of  the  eUipsoid,  to  the  cylindrical,  according  to  the  shape  of  the 
included  excavation. 

(4)  Between  the  stress  envelope  and  the  excavation  is  a  zone  of  rock  in 
which  the  stresses  are  less  than  those  pre-existing. 

(5)  The  maximum  stress  on  the  rock  approaches  double  that  pre-existing 
when  the  shape  of  the  stress  envelope  is  cylindrical  and  one-euid-a-half 
times  that  stress  when  the  shape  is  spherical. 

(6)  For  any  given  excavation  an  approximate  estimation  of  the  thickness 
of  the  stress  envelope  can  be  made,  and  its  effect  on  other  excavations 
gauged  therefrom. 

Rock  Behavioub 

(7)  Rock  subjected  to  a  change  in  stress  yields,  part  of  the  induced 
strain  occurring  inmiediately  and  part  as  time  elapses. 

(8)  The  time-strain  tends  to  a  limit  below  a  certain  critical  load,  but 
above  this  loeui  it  progresses  towards  ultimate  failure. 

CoNTBOL  or  Rock  in  Development 

(9)  Linings  which  will  eventually  be  subjected  to  the  closure  of  the 
walls  owing  to  stoping  in  the  neighbourhood  should  either  be  so  flexible 
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tliat  tbej  can  tolerate  this  closure  and  still  remain  efficient  or  else  they 
should  be  of  such  a  design  that  they  are  only  in  contact  with  one  wall. 

(10)  TiiningB  which  wm  never  be  subjected  to  closure  should  be  of  rigid 
materials  built  tight  against  the  ground. 

CoirrROL  OF  Stops  \Vaix8 

(11)  Closure  takes  place  by  the  inward  expansive  movements  of  both 
walls,  partly  immediately  after  blasting  and  partly  by  creep. 

(12)  The  primary  aim  of  ground  control  in  stoping  is  to  permit  closure 
by  bea[iding  while  preventing  the  occurrence  of  shear. 

(13)  Ground  control  in  stoping  is  achieved  by  the  design  and  sequence 
of  the  operation  and  by  the  use  of  supports. 

(14)  In  small  stoped  areas  much  of  the  stress  previously  taken  by  the 
lode  is  transmitted  through  the  stress  envelope  to  the  lode  ahead  of  thb 
Caces :  the  supports  have,  therefore,  to  take  only  a  portion  of  the  total 
load. 

(15)  The  lees  the  closure  permitted  the  less  the  stress  on  the  rock  ahead 
of  the  faces  and  the  more  the  stress  on  the  supports. 

(16)  When  the  stress  envelope  is  broken  l^y  the  surface  the  supports  have 
to  take  the  full  weight  of  superincumbent  rock  and  the  load  on  the  ore 
ahead  of  the  faces  is  reduced. 

(17)  In  the  latter  case  the  squeeze  at  all  but  shallow  depths  is  so  great 
that  no  unit  type  of  support  can  withstand  it. 

(18)  When  closure  by  ahear  is  unavoidable  the  aim  of  supporting  should 
be  to  reduce  closure  to  the  absolute  minimum. 

(19)  There  is  an  optimum  rate  of  face  advance  for  each  individual  set 
of  circumstances. 

(20)  By  caving  the  hanging-wall  the  squeea^  on  the  ore  in  the  immediate 
face  is  reduced. 

(21)  By  stepping  a  longwall  face  the  tendency  of  the  rock  to  shear 
immediately  along  it  is  reduced. 
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THE  INSTITUTION  OF  MINING  AND  METALLURGY 

SPECIAL  GENERAL  MEETING  of  Members  and  Associates  held 
in  the  Booms  of  the  Geological  Society  of  London,  Burlington 
Honse,  Piccadilly,  London,  W.  1,  on  Thursday,  16th  December,  1948 

Mr.  8.  E.  Taylor,  President^  in  the  Chair. 

The  Secretary  read  the  notice  convening  the  Meeting. 

The  President  said  that  the  Special  General  Meeting  had  been 
called  to  consider  and,  if  thought  fit,  to  approve  the  new  By-Laws. 
The  notice  calling  the  Meeting  had  been  read  and  Members  and 
Associates  had  received  a  copy  of  the  new  By-Laws,  together  with 
a  memorandum  pointing  out  the  final  amendments  which  had  been 
made.    He  did  not  propose  to  repeat  what  was  stated  in  the 
memorandum  and  would  proceed  with  the  formal  business  of  the 
Meeting.     He  would  propose  the  resolution  and  ask  the  President- 
Elect,  Mr.  W.  A.  C.  Newman,  to  second  it.    Mr.  Newman  had 
been  Chairman  of  the  Committee  which  had  dealt  with  the  revision 
of  the  By-Laws  during  the  past  two  and  a  half  years  and  he  and 
other  members  of  that  Committee  had  done  a  great  deal  of  pains- 
taking work  in  connection  with  the  revision  of  the  By-Laws  for 
which  he  would  Uke  to  express  the  thanks  of  the  Council  and 
members  of  the  Institution.     After  the  resolution  had  been  pro- 
posed and  seconded,  and  unless  any  members  wished  to  make  any 
remarks,  the  resolution  would  be  put  to  the  vote. 
He  proposed  the  following  resolution  : 

*  That  the  By-Laws  of  the  Institution  of  Mining  and  Metallurgy 
^^  revised  and  submitted  herewith  be  and  are  hereby  approved 
«^nd  ordered  to  be  presented  to  His  Majesty's  Privy  Council  for 
confirmation  and  in  substitution  of  the  existing  By-Laws  of  the 
institution  '. 

Mr.  Newman  said  that  with  the  President  he  commended  the 
new  By-Laws  for  the  approval  of  the  members  of  the  Institution. 
The  Council  had  devoted  much  time  and  thought  to  the  formu- 
lation of  the  new  rules  and  hoped  and  beUeved  that  they  would 
I'wnforce  the  stature,  the  dignity  and  the  usefulness  of  the  Institu- 
^^-  The  President  had  referred  in  kindly  terms  to  the  Committee 
over  which  he  had  had  the  privilege  and  pleasure  of  presiding  for 
*few  meetings  in  the  absence  of  Mr.  Keith  Allen,  who  was  origin- 
*%  chosen  to  be  Chairman  of  that  Committee.  He  thanked  the 
President  on  behalf  of  the  members  of  the  Committee,  but  he 
thought  that  a  tribute  should  also  be  paid  to  the  members  of  the 
two  previous  Committees  presided  over  by  Mr.  Pryor  in  the  first 
lUBtance  and  Mr.  Laycock  in  the  second.  On  two  occasions  the 
"^otk  in  connection  with  the  rules  was  laid  aside  because  of  the 
•ncidence  of  the  war  and  in  order  that  ideas  might  mature,  but  to 
™  members  of  those  two  Committees  a  great  deal  wa^  ovs^ii 
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because  they  did  a  great  deal  in  digging  into  and  bringing  to  the 
surface  the  problems  with  which  the  Institution  was  faced. . 

He  had  much  pleasure  in  seconding  the  President's  proposal. 

The  resolution  was  carried  unanimously. 

The  President  said  that  to  comply  with  the  By-Laws  the 
Minutes  of  the  Meeting  would  be  read  and  signed  in  due  course, 
and  while  the  Secretary  was  preparing  those  Minutes  there  were 
one  or  two  remarks  which  he  had  to  make.  Now  that  the  By-Laws 
had  been  approved  they  could  be  presented  to  the  Privy  Council 
for  confirmation  and  when  that  had.  been  received  the  changes 
which  had  been  made  would  take  effect.  As  was  pointed  out  in 
the  memorandum  of  12th  April,  by  making  the  Listitution  an 
examining  body  and  clearly  defining  the  minimum  standard  required 
for  membership  the  future  status  of  the  Institution  would  be 
enhanced. 

The  other  important  innovation  was  the  creation  of  a  new  class 
of  non-corporate  members  called  *  Affiliates '.  That  class  of 
Affiliates  would  include  those  candidates  who  would  have  qualified 
for  Associateship  under  the  old  By-Laws  by  reason  of  their  practical 
experience  but  who  under  the  new  By-Laws  would  not  qualify  for 
Associate  Membership  on  account  of  their  lack  of  technical  training. 
In  addition,  Affiliateship  would  be  open  to  members  of  other 
professions,  such  as  doctors  and  mechanical  and  electrical  engineers, 
whose  work  was  closely  associated  with  mining  and  metallurgy. 
It  was  also  hoped  to  find  other  suitable  applicants  for  AffiUateship 
amongst  those  whose  work  was  closely  associated  with  mining  and 
metallurgy — for  example,  there  might  be  some  suitable  appUcants 
in  mine  offices  who  were  engaged  on  such  work  as  accountancy, 
costing,  statistics,  or  in  the  survey  offices. 

He  would  suggest,  therefore,  that  Members  and  Associate 
Members  should  bring  to  the  notice  of  all  those  who  were  eligible 
the  advantages  of  joining  the  Institution  as  Affiliates.  He  would 
also  remind  the  Meeting  that  a  substantial  increase  in  the  member- 
ship of  the  Institution  would  make  it  possible  to  improve  the 
service  which  the  Institution  could  give  to  its  members  and  widen 
generally  the  scope  of  its  activities. 

The  Secretary  read  the  Minutes  of  the  Meeting,  which  were 
signed  as  a  correct  record,  and  the  business  of  the  Special  General 
Meeting  was  concluded. 
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THE  INSTITUTION  OF  MINING  AND  METALLUKGY 

THIRD  ORDINARY  GENERAL  MEETING  of  the  58th  SESSION 
hdd  in  the  Rooms  of  the  Geological  Society  of  London,  Burlington 
Hoiue,  Piccadilly,  London,  W.  1,  on  Thursday,  16th  December,  1948. 

Mr.  S.  E.  Taylor,  President,  in  the  Chair 

DISCUSSION  ON 

Notes  on  the  Treatment  of  Pyrites  Cinders  at  the 
Plant  of  the  Pyrites  Co.,  Inc.,  Wilmington,  Delaware* 

By  R.  C.  Trumbull,  W.  Hardiek,  and  E.  G.  Lawpord,  Member 

The  President  said  that  the  paper  was  presented  by  three 
joint  authors,  Mr.  Trumbull,  the  Plant  Superintendent,  Mr.  Hardiek, 
Metallurgist,  and  Mr.  Lawford,  whom  they  all  knew.  Mr.  Lawford 
had  kindly  undertaken  on  behalf  of  his  co-authors  to  introduce 
ihe  paper,  which  described  the  treatment  of  the  Bio  Tinto  cinders* 
for  the  extraction  and  the  recovery  of  the  non-ferrous  metals. 

Mr.  E.  G.  Lawford,  introducing  the  paper,  said  that  he  very 
much  regretted  that  neither  of  his  co-authors  was  able  to  be  present. 
Their  duties  at  Wilmington  made  it  impossible  for  them  to  attend 
the  Meeting. 

They  were  presenting  the  paper  with  some  diffidence,  for  two 
reasons.  First,  owing  to  the  change  in  conditions  to  which  they 
referred  in  the  introduction,  they  had  had  to  go  back  rather  more 
than  ten  years  in  order  to  find  the  typical  years'  operation  of  the 
plain  Henderson  process,  and  they  had  had  to  go  back  even  further 
in  respect  of  the  zinc  and  Glaubers  salt  recovery  steps.  It  was, 
^mittedly,  more  satisfactory  when  a  paper  described  an  operation 
that  was  actually  being  carried  out  rather  than  one  which  was,  so 
to  speak,  in  its  prime  ten  years  ago. 

Secondly,  it  had  to  be  admitted  that  the  zinc  and  Glaubers 
wit  recovery  process  had  not  proved  capable  of  surviving  in  the 
economic  blizzard  of  the  early  1930s.  After  some  thought,  how- 
6yer,  they  had  decided  that  the  processes  described  were  suffi- 
ciently interesting  technically  to  justify  the  presentation  of  a 
paper  and  that  they  should  face  any  criticism  which  it  might 
attract  on  the  grounds  already  mentioned.  He  wished  to  say,  in 
^rd  to  the  zinc  and  Glaubers  salt  steps,  that  when  he  visited 
a  number  of  cinder  treatment  works  in  Europe  in  1935,  four  years 
after  Wilmington  operations  had  come  to  an  end,  he  found  many 
of  the  Glaubers  salt  works  in  a  state  of  chronic  re- vamping  and  he 
^nie  to  the  conclusion  that  Wilmington  operations  were  not,  at 
^6  time,  necessarily  inferior  to  those  being  carried  on  in  other 
*BuU.  605,  Dec.  1948. 
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places.  The  authors  submitted  that  the  work  on  the  recovery  of 
zinc  and  Glaubers  salt  could  fairly  be  regarded  as  experimental 
work  on  a  plant  scale.  In  1931  they  had  very  httle  to  guide  them. 
Furthermore,  they  had  decided  to  make  an  anhydrous  sodium' 
sulphate  of  high  grade,  such  as  could  be  sold  in  a  particular  market^ 
and  that  in  itself  presented  special  problems  which  had  to  be 
solved. 

They  made  no  apologies  for  presenting  the  section  of  the  paper 
dealing  with  the  extraction  of  lead.  They  thought  that  the  work 
at  Wilmington  was  at  least  as  good  as,  if  not  better  than,  that  carried 
out  anywhere  else  where  attempts  to  recover  lead  from  pyrites 
cinder  had  been  made.  With  the  present  price  of  lead  there  was 
no  doubt  that  even  with  the  rise  in  costs  which  had  taken  place 

Table  IX 

Typical  Chlobidizino  Data:   August,  1931 

Charge  to  furnaces    26,782  wet  tons  mixture. 

Furnace  hours  run    6,467 

Tons  mixture  per  hour     4*14 


Moisture     

In  Charge 
Per  cent 

8-7 

2-24 

0-71 

0-71 

0-82 
6300 
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1-81 

2-08 

0-63 
11032 

bUUy 
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In  Discharf/e 
Per  cent 

Total  Cu     
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1-95 

Acid-soluble  Cu 
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004 

Copper  solubility  . . 
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9800 
3-49 

Soluble  S    

3-44 

Insoluble  S 

Pyrites  in  mixture 
NaCI  in  mixture    .. 

Ter 
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4th     

005 

nperature 

654 
824 
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....     715 
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2nd    

4th     

No.  7 
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siQca  1940,  the  value  of  lead  recovered  would  show  a  reasonable 
profit  over  the  cost  of  the  lead  extraction  process. 

Passing  to  the  first  section  of  the  paper,  there  was  little  to  be 
said  concerning  the  operation  of  the  main  Henderson  process. 
They  had  been  bold  enough  to  set  out  certain  equations  which 
represented  in  their  view  the  reactions  taking  place  in  the  chlori- 
dizing  tumace,  but  it  would  be  observed  that  they  had  not  been 
dogmalic  in  their  assertions  regarding  the  relative  importance  of 
those  reactions.  He  saw  that  there  were  present  distinguished 
chemical  engineers  and  he  hoped  that  they  would  give  their  views 
on  the  chemistry  of  the  process. 

Table  IX  gave  details  of  the  chloridizing  operation  for  the 
month  of  August,  1931,  which  could  be  regarded  as  fairly  typical 
and  which  related  to  a  period  when  zinc  was  being  recovered  from 
the  cinders.  When  the  cinders  came  to  the  process  63  per  cent 
of  the  copper  they  already  contained  was  soluble  copper,  so  that 
the  roasting  of  the  pyrites  at  the  acid  works  did  produce  a  certain 
measure  of  solubihty,  but,  as  would  be  seen,  that  was  increased 
by  chloridizing,  the  soluble  copper  in  the  discharge  being  98  per 
cent.  Out  of  a  total  copper  content  of  247  per  cent  in  the  dis- 
charge 1-95  per  cent  was  water-soluble  copper  and  there  only 
remained  0-198  per  cent  of  acid-soluble  copper.  The  soluble 
sulphur  rose  from  1-81  per  cent  in  the  discharge  to  3-44,  leaving 
practically  no  insoluble  sulphur ;  that  was  the  measure  of  the 
conversion  of  the  sulphides  to  soluble  sulphates.  The  fourth 
hearth  temperatures  were  round  the  800°F.  mark.  In  the  paper 
it  was  stated  that  the  reaction  zone  temperatures  for  reasonable 
chloridizing  had  to  be  maintained  between  the  limits  of  800°  and 
900*^F.  That  was  probably  a  conservative  statement  and  he  did 
not  think  that  a  wider  variation  greatly  affected  the  solubility 
obtained. 

Salt  usage  was  always  a  somewhat  controversial  matter.  They 
had  given  their  views  in  the  text  and  it  should  be  remembered  that 
they  were  expressed  solely  with  reference  to  the  main  Henderson 
process.  No  discussion  of  salt  usage  was  complete  without  con- 
sidering the  bearing  of  Glaubers  salt  recovery  and  lead  leaching. 
Glaubers  salt  recovery  was  on  a  different  footing  from  the  extraction 
of  copper,  zinc,  silver,  gold,  etc.,  because  in  the  one  case  they  were 
dealing  with  the  extraction  of  valuable  metals  from  the  ore,  whereas 
Glaubers  salt  recovery  was  merely  the  recovery  of  some  of  the 
salt  used  in  the  chloridizing  process.  By  using  a  high  percentage 
of  salt,  and,  if  necessary,  adding  some  pyrites  to  the  furnace 
charge,  the  production  of  Glaubers  salt  could  be  greatly  in^rei-sed 
if  desired.  Their  own  view,  however,  was  that,  provided  a  plant 
was  treating  a  cinder  containing  sufficient  lead  to  justify  lead 
recovery,  then  the  correct  technique  was  to  cut  down  the  usage  of 
salt  in  the  furnaces  to  the  minimum  required  for  good  copper 
solubility.  That  might  be  as  little  as  5  per  cent  salt  on  cinders. 
In  that  case  the  silver  would  be  recovered  with  the  lead  and  com- 
paratively Uttle  silver  would  appear  in  the  copper  ptQdp\\i^\>^. 
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However,  it  might  be  that  5  per  cent  salt  would  be  too  little  to 
give  a  good  extraction  of  zinc,  but  they  had  no  direct  experience 
on  that  question.  He  did  know  that  in  Germany  present  salt 
usage  was  still  between  10  and  11  per  cent  on  cinders,  and  it  was 
possible  that  to  get  zinc  down  to  0.1  per  cent  in  the  leached  cinders 
that  amount  of  salt  was  necessary.  They  would  understand, 
therefore,  that  the  question  of  salt  usage  was  closely  related  to 
such  matters  as  whether  or  not  zinc  was  being  extracted  and 
whether  or  not  any  proportion  of  the  salt  was  being  recovered  as 
sodium  sulphate,  and  he  confessed  that  the  optimum  proportion 
was  a  matter  on  which  opinions  differed  even  among  those  with 
many  years*  experience  of  chloridizing. 

It  would  be  seen  from  the  figures  that  the  overall  recovery  of 
copper  was  very  good  and  that  virtually  the  whole  of  the  copper 
taken  into  solution  was  recovered  as  precipitate.  In  the  text  it 
was  stated  that  liquors  were  discharged  to  waste  at  less  than 
0'04  g./l.  of  copper  and  that  statement  was  more  than  borne  out 
in  the  figures  given  in  the  operating  results  for  1936-1937.  In 
regard  to  overall  recovery  the  1937  figure  was  too  high  to  be 
typical,  but  the  1936  figure  could  be  regarded  as  quite  normal. 

Passing  to  the  section  of  the  paper  dealing  with  zinc  recovery, 
it  had  been  pointed  out  that  the  major  problem  in  the  recovery  of 
zinc  by  precipitation  with  milk  of  lime  was  how  to  avoid  intro- 
ducing iron  into  the  liquor,  or  rather  limiting  it  to  the  smallest 
possible  amount.  The  co-precipitation  of  zinc  when  precipitating 
the  iron  was  a  major  loss  and  the  actual  operation  of  oxidation 
and  precipitation  was  a  costly  step  in  the  process. 

In  Germany  the  precipitation  of  copper  by  copper  precipitate 
was  at  present  the  method  adopted  and  there  was  no  longer  any 
attempt  to  produce  by  selective  leaching  a  zinc  fraction  with  a 
very  high  zinc-copper  ratio.  The  whole  of  the  liquor  from  the 
copper  leach  was  treated  in  zinc  recovery.  It  was  true  that  owing 
to  the  chloride  content  the  precipitation  of  copper  by  cement 
copper  was  incomplete  and  there  was  a  residuum  of  iron  which 
had  to  be  oxidized  and  precipitated,  but  there  had  undoubtedly 
been  some  increase  in  the  zinc  percentage  recovery  by  treating  the 
whole  of  the  liquor,  although  the  loss  in  the  iron  precipitate  was  still 
high. 

The  alternative  method  was  to  use  zinc  to  precipitate  the  copper 
and  so  avoid  the  introduction  of  iron  completely.  That  was  the 
method  they  had  adopted  at  Wilmington.  It  was  obvious  that  as 
substantially  all  the  zinc  introduced  could  be  recovered  the  cost 
of  the  precipitant  was  really  only  the  difference  between  the 
market  price  of  the  scrap  metal  and  the  stage  value  of  zinc  in. 
hquors  prior  to  precipitation.  The  method  would  not  be  econom- 
ical if  applied  to  the  whole  volume  of  liquor,  but  where  it  was 
possible  to  produce  a  fraction  containing  a  high  proportion  of  the 
total  zinc  with  a  zinc  copper  ratio  of  6  or  7  to  1,  then  it  seemed 
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to  him  that  the  method  merited  serious  consideration. 

Concerning  the  Glaubers  salt  and  salt  cake  production  there 
vas  little  to  say.  They  could  not  claim  that  the  work  done  at 
WiLoungton  was  satisfactory  by  modern  standards.  Great 
advances  had  been  made  in  Germany  in  that  branch  of  the  process. 
It  was  interesting  to  note  that  in  Germany,  instead  of  treating 
the  liquor  from  the  Glaubers  salt  melters  by  evaporation,  it  was 
returned  for  a  second  cooling,  yielding  another  crop  of  Glaubers 
salt ;  that  was  melted  and  a  second  lot  of  anhydrous  salt  obtained. 
Only  a  very  small  volume  of  liquor  was  eventually  treated  by 
evaporation.  Centrifuges  had  entirely  superseded  filters  and  the 
whole  operation  seemed  to  be  easy  and  trouble  free.  It  ^lust, 
however,  be  remembered  that  17  years  had  elapsed  since  their 
struggles  at  Wilmington  and  there  would  be  no  attempt  to-day 
to  set  up  the  process  on  the  lines  on  which  Wilmington  was  then 
working. 

Passing  to  the  section  dealing  with  the  extraction  of  lead,  it 
was  important  to  remember  that  at  the  time  to  which  that  section 
referred  the  price  of  lead  was  7  cents  per  lb.  The  object  of  the 
process  was  to  reduce  the  lead  content  of  the  cinders  to  a  certain 
required  limit  and  only  to  that  limit,  and  in  so  doing  to  obtain 
the  highest  credit  possible  against  process  costs  for  recovered  lead. 

He  thought  they  (the  co-authors)  had  not  perhaps  sufficiently 
explained  that  the  reason  for  precipitating  the  lead  from  the 
brine  by  milk  of  lime  was  two-fold.  First,  it  prevented  the  build 
op  of  sulphates  in  the  brine,  and,  secondly,  it  greatly  reduced 
the  bulk  of  the  liquor  going  forward  to  lead  precipitation  proper. 
The  lead  content  of  the  brine  was  only  about  8  g./l.  whereas  the 
lead  content  of  the  solution  going  to  the  final  precipitation  step 
was  about  100  g./l.  As  that  solution  had  to  be  heated  continuously 
during  the  precipitation  step  the  absolute  necessity  for  concen- 
tration would  be  appreciated.  Members  would  see  that  no 
attempt  was  made  to  precipitate  lead  from  the  first  tank  effluent, 
notwithstanding  the  fact  that  it  contained  about  1  g./l.  The 
reason  was  that,  with  lead  at  7  cents,  it  simply  did  not  pay  to 
handle  that  weak  liquor.  Undoubtedly  to-day  that  first  effluent 
would  be  treated. 

The  effect  of  the  SO4  content  on  the  solvent  power  of  brine  was 
shown  in  the  curves  (Fig.  15),  but  he  would  emphasize  strongly 
that  those  curves  were  only  a  rough  approximate  guide.  They 
did  not  represent  in  any  way  prolonged  or  deep  research,  but 
were  put  forward  merely  as  a  rough  works  experiment  which 
indicated  a  trend. 

It  was  the  fact  that  that  weak  effluent  was  not  treated  that 
largely  accounted  for  the  poor  recovery  of  the  lead  taken  into 
solution  and  that  recovery  could  undoubtedly  be  much  improved 
to-day. 

It  would  be  realized  that  economical  and  efficient  hQd.l\ti^  oi 
solutions  was  a  sim  qua  nan  tor  the  lead  process.    TYie  ^oVxiWow 


44  B,  0.  TRUMBULL,  W.  HARDIEK,  AND  B.  O.  LAWFORD  : 

heater  described  in  the  Appendix  was  entirely  the  invention  Of 
his  co-authors  and  he  thought  members  present  would  agiBe  that 
they  deserved  great  credit  for  a  very  ingenious  and  effective,  pieoe 
of  apparatus. 

Finally  he  would  like  to  express  his  personal  indebtedness  to 
Mr.  C.  T.  Hill,  whom  he  was  very  glad  to  see  present.  Mr.  Hill 
was  for  many  years  closely  connected  with  operations  at 
Wilmington  and  he  could  truly  say  that  without  his  he^  the 
paper  would  never  have  been  presented. 

Dr.  S.  I.  Levy*  said  that  although  the  Henderson  process  of 
chloridizing  roasting  had  been  known  and  practised  for  a  very 
long  time,  very  little  detailed  information  had  been  published  oq 
it  and  as  far  as  he  knew  no  operating  data  had  been  disclosed  up 
to  the  date  of  the  paper.  The  authors,  the  Pyrites  Co.  and  the 
Rio  Tin  to  Co.,  were  therefore  much  to  be  congratulated  on  having 
made  available  this  big  volume  of  operational  information,  and 
Mr.  Lawford  was  particularly  to  be  congratulated  on  the  skill 
with  which  he  had  handled  the  great  mass  of  detail  contained  in 
the  paper. 

Many  years  ago  the  speaker  carried  out  for  the  Rio  Tinto  Co. 
a  good  deal  of  pure  chemical  research  work  on  a  long-term 
examination  of  questions  connected  with  pyrites.  Some  of  that 
work  dealt  with  questions  closely  related  to  those  which  arose  in 
dealing  with  chloridizing,  and  he  had  been,  therefore,  most  inter- 
ested in  those  parts  of  the  paper  which  dealt  particularly  with  the 
salt  roasting  process.  He  had  examined  the  data  which  had  been 
presented  in  the  paper  to  see  if  they  threw  any  light  on  the  reactions 
which  took  place. 

The  cinders  to  be  treated  were  in  the  main  ferric  oxide.  They 
contained  relatively  small  amounts  of  sulphur,  present  partly  as 
sulphates  and  basic  sulphates  of  zinc  and  copper,  and  partly  as 
metal  sulphides.  He  agreed  that  zinc  and  copper  were  more 
likely  to  be  present  as  sulphides  than  as  oxides,  so  that  some  at 
least  of  the  sulphide  sulphur  was  associated  with  the  zinc  and 
copper. 

He  had  calculated  from  the  typical  analysis  of  the  cinders  which 
the  authors  gave  in  Table  I  the  relative  numbers  of  atoms  of  the 
elements  present.  He  would  not  take  the  meeting  through  his 
calculations,  but  would  give  briefly  a  summary  of  the  results. 
There  were,  very  roughly,  4  atoms  of  zinc  to  8  of  copper.  For 
his  present  purpose  he  took  zinc  and  copper  together  as  especially 
the  non-ferrous  metals  which  were  to  be  brought  into  reaction. 
For  every  15  atoms  of  zinc  and  copper  together,  there  were  10 
atoms  of  sulphur  as  sulphate  sulphur  and  14  atoms  as  sulphide. 
If  there  were  no  oxides  of  zinc  or  copper  present  there  would  be 
10  molecules  of  zinc  and  copper  sulphate,  and  5  molecules  of  zinc 
and  copper  sulphide.  That  would  leave  8  atoms  of  sulphide  sulphur 
which  must  be  combined  with  the  iron.     The  typical  analysis 
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showed  only  8'71  per  cent  of  sulphur  in  all  in  the  cinders,  and  that, 

as  the  paper  made  clear,  was  increased  somewhat  before  cfalori- 

'dizing  to  something  of  the  order  of.  5  per  cent  of  sulphur  by  adding 

pyrites  or  pyrrhotite.     The  cinders  after  chloridizing  still  contained 

•small  quantities  of  sulphur  and,  allowing  for  that,  the  sulphur 

which  was  concerned  in  the  reaction  would  seem  to  be  in  all  about 

4*7  per  cent,  of  which  1-65  per  cent  was  present  as  sulphates. 

Allowing  for  the  additional  sulphur  which  was  added  beyond  the 

'amount  shown  in  the  typical  analysis,  the  sulphur  combined  with 

the  iron  increased  from  8  atoms  to,  say,  14  atoms,  and  the  total 

sulphur  as  sulphide  increased  from  13  atoms  to  19  atoms — that 

is,  all  the  metal  sulphides  present,  zinc,  copper  and  iron,  were 

equivalent,  on  the  basis  he  had  adopted,  to  about  19  atoms  of 

sulphur. 

The  practice  in  1937,  the  year  he  took,  was  shown  by  the  data 
given.  Fourteen  tons  of  salt  was  used  to  every  100  tons  of  cinders, 
which  corresponded  to  about  48  molecules  of  salt  for  5  molecules 
of  zinc  and  copper  sulphide,  and  14  molecules  of  iron  sulphide — 
that  was,  to  the  19  atoms  of  sulphur  as  sulphide  which  he  had 
.calculated  to  be  present.  There  were,  therefore,  48  molecules  of 
salt  to  19  atoms  of  sulphur  as  sulphide.  Every  atom  of  sulphur 
as  sulphide  would  require  2  molecules  of  salt  for  reaction,  so  that 
the  19  atoms  of  sulphur  would  require  only  38  molecules  of  salt. 
Since  48  molecules  were  available  it  was  obvious  that  there  was  an 
excess  of  salt  present. 

That  established  one  very  important  factor  for  the  reactions 
which  had  to  occur.  Another  important  factor  could  be  estab- 
lished from  the  data  which  the  authors  had  given  on  p.  6  of  the 
paper  as  to  the  composition  of  the  gases  drawn  from  the  furnaces. 
The  tower  acid  obtained  by  scrubbing  the  gases  with  water  had  a 
strength  of  about  50  g./l.  The  ratio  of  hydrochloric  to  sulphuric 
acid  was  given  as  5  to  7  parts  HCl  to  1  part  H2SO4.  He  had 
assumed  that  to  be  parts  by  weight,  and  he  had  taken  6  parts  of 
hydrochloric  acid  to  1  part  of  sulphuric  acid.  That  corresponded 
to  16  molecules  of  hydrochloric  acid  for  each  molecule  of  sulphuric 
acid,  and,  on  the  basis  of  900  lb.  of  water  per  mintite,  corresponded 
to  a  production  of  3  tons  of  sulphuric  and  19  tons  of  hydrochloric 
acid  in  the  gases  each  day. 

That  was  rather  a  surprising  result,  since  if  the  1937  rate  of 
treatment  were  taken  as  given  in  the  paper,  say  650  tons  of  cinders 
per  day,  it  meant  that,  whereas  about  one-third  of  the  chlorine  in 
the  salt  was  removed  from  the  furnaces  in  the  gases,  something 
leas  than  4  per  cent  of  the  sulphur  which  was  brought  into  reaction 
was  removed  in  that  way.  There  again  the  calculations  were 
approximate,  and  he  did  not  know  whether  all  the  data  he  had 
used  were  obtained  in  the  same  period  and  under  the  same  con- 
ditions, but  he  thought  that  the  conclusions  might  be  accepted  as 
being  not  far  from  the  true  position  in  normal  operation  at 
Wilmington. 
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The  operational  data  therefore  appeared  to  disclose  :  (1)  that  a 
very  considerable  excess  of  salt  over  that  required  for  reaction 
was  present  during  roasting ;  (2)  that  about  one  third  of  the 
chlorine  in  the  salt  was  removed  during  the  reaction  and  appeared 
as  hydrochloric  acid  in  the  gas  ;  and  (8)  that  substantially  all  the 
sulphur  remained  in  the  cinders,  the  amount  driven  off  in  the  gas 
being  less  than  4  per  cent. 

The  conclusions  to  be  drawn  from  those  facts  seemed  to  be  as 
follows  :  First,  that  substantially  all  the  sulphide  sulphur  brought 
into  reaction  had  to  be  converted  to  sulphate  in  the  roasting,  only 
a  very  small  proportion  of  sulphur  being  driven  off.  It  followed 
that  hardly  any  direct  combustion  of  sulphide  in  the  air  could 
occur,  and  there  could  only  be  slight  production  of  sulphur  dioxide. 
Thus  equations  (1),  (2),  (6)  and  (6)  of  the  possibilities  set  out  by 
Mr.  Lawford  could  occur,  if  at  all,  only  to  a  very  small  extent. 
Secondly,  there  must  be  direct  reaction  between  the  salt,  the  air 
and  the  sulphides  to  form  sodium  sulphate  and  chlorides  of  the 
metals  which  were  originally  present  as  sulphides,  as  indicated  in 
Mr.  Lawford *8  equation  (7).  That  represented  the  chief  course 
of  the  reaction,  and  must  be  the  main  reaction  which  occurre ' 
That  direct  reaction  must  involve  substantially  all  the  sulplpav 
sulphur  which  was  brought  into  reaction,  which  was  therefor^, 
converted  to  sodium  sulphate,  the  zinc,  copper  and  iron  originally 
present  as  sulphides  being  converted  to  chlorides.  Thirdly,  since 
ferrous  chloride  reacted  readily  when  heated  in  air,  the  ferrous 
chloride  formed  would  be  oxidized  by  the  oxygen  of  the  air  to 
ferric  oxide  and  ferric  chloride.  Ferric  chloride  was  very  volatile 
and  was  driven  off  as  such  in  the  gases,  reacting  in  the  vapour 
phase  with  the  moisture  of  the  gases  to  form  ferric  oxide  and 
hydrogen  chloride.  That  seemed  the  most  probable  explanation 
of  the  relatively  large  quantities  of  hydrogen  chloride  in  the  gases. 

The  alternative  explanation  of  the  formation  of  hydrochloride 
was  that  indicated  by  Mr.  Lawford's  equation  (4).  That  required 
that  direct  reaction  should  take  place  between  moisture,  salt, 
oxygen  and  ferrous  sulphide  and  it  seemed  to  the  speaker  to  be 
likely  to  occur,  if  at  all,  only  to  a  small  extent,  since  the  moisture 
in  the  charge  was  driven  off  in  the  upper  part  of  the  furnace  before 
the  charge  was  hot  enough  for  reaction  to  take  place. 

If,  in  fact,  hydrogen  chloride  were  formed  by  reaction  between 
water  vapour  and  ferric  chloride  in  the  gases,  as  suggested,  there 
would  be  formed  at  the  same  time  considerable  quantities  of  finely 
divided  ferric  oxide  which  should  partly  settle  out  in  the  flues  and 
partly  be  washed  out  in  the  towers  and  collect  in  the  tower  acid. 
If  that  explanation  were  correct,  therefore,  the  tower  acid  should 
contain  that  finely  divided  material  and  one  would  expect  to  find 
in  the  flue  dust  some  proportion  of  nmch  finer  material  than  would 
otherwise  be  present. 
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The  course  of  the  main  reactions  would,  therefore,  appear  to  he : 
{a)  In  the  furnaces — 

(1)  (Zn.  Cu,  Fe)  S+2  NaCl+20,=(Zn.  Cu,  Fe)  Cl,+Na,  SO4. 

(2)  6  Fe  Cl,+  li  0,=  2  Fe,CI,+FejO,. 

{b)  In  the  gases — 

.    (3)  Fe,ae+3HjO=Fe,0,+6HCl. 

There  were  one  or  two  other  matters  on  which  he  would  hke  to 
comment.  There  were  several  features  in  the  Wilmington  practice 
as  described  in  the  paper  which  indicated  considerable  advances 
over  practice  in  other  works.  The  continuous  precipitation  of 
copper  in  revolving  drums  was  unique.  The  Venturi  solution 
heater  was  an  interesting  and  very  useful  method  of  heating  large 
quantities  of  liquor  where  direct  steam  had  to  be  avoided.  The 
method  adopted  for  preparing  pure  anhydrous  sodium  sulphate 
was  peculiarly  interesting. 

The  lead  extraction  method  differed  from  any  other  which  he 
knew  of,  although  he  was  puzzled  by  the  statement  that  the 
chemistry  of  that  method  was  not  clear.  He  had  always  thought 
that  lead  must  be  present  as  sulphate  during  the  chloridizing 
st^^^e ;  in  any  event  it  would  be  present  as  sulphate  before  the 
'  ^le  leaching.  Lead  sulphate  was  soluble  in  hot  brine  by  con- 
version to  lead  chloride  ;  that  conversion  was  impossible,  as  indi- 
cated by  the  solubility  curves  in  Fig.  16,  if  the  brine  contained  any 
considerable  quantity  of  soluble  sulphate.  The  precipitation  of 
lead  by  milk  of  lime,  which  at  the  same  time  removed  sulphate 
from  the  solution,  was  therefore  a  very  effective  method  of  dealing 
with  the  pregnant  lead  brine,  and  in  combination  with  the  further 
steps  of  dissolving  the  lead  hydroxide,  precipitating  the  metal  on 
scrap  iron  and  treating  the  slurry  in  a  cone  classifier,  constituted 
an  elegant  and  effective  method  of  recovering  lead  from  pyrites 
cinders  in  an  acceptable  form. 

Those  responsible  for  operations  at  Wilmington — and  he  believed 
that  part  of  the  time  they  were  under  the  control  and  supervision 
of  Mr.  C.  T.  Hill — had  certainly  introduced  several  novel  and 
ingenious  devices  into  the  old  Henderson  process,  and  the  paper 
was  valuable  for  its  description  of  these  important  improvements  as 
well  as  for  the  presentation  of  such  interesting  process  data. 

Mr.  F.  D.  L.  Noakes  felt  that  the  authors  should  be  congratu- 
lated on  presenting  a  paper  which  was  extremely  complete  and 
concise.  There  were,  however,  one  or  two  points  which  he  would 
like  to  raise. 

It  was  stated  that  cinder  crushing  was  done  in  two  stages  by  a 
Jeffrey  swing-hammer  pulverizer.  He  had  had  experience  of 
similar  pulverizers  for  crushing  coke  and  had  found  that  they  were 
subject  to  a  considerable  amount  of  wear.  ^  He  thought  at  first 
that  cinder  would  have  similar  properties  *to  the  coke,  but  he 
imagined  that  it  was  merely  a  conglomerate  which  required 
breaking  up  by  the  action  of  the  hammers.  He  would  like  to 
know  how  those  crushers  behaved  with  the  cinder. 
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The  authors  said  that  50  to  70  per  cent  of  the  non-feiTous  metak 
were  present  as  sulphates.  He  had  intended  to  ask  how 'they 
arrived  at  that  condusion  but  he  believed  that  Dr.  Levy  had 
already  gone  into  it.  The  analysis  of  Kio  Tinto  cinders  given  in 
Table  I  showed  0-013  per  cent  cobalt,  and  he  would  be  interested 
to  know  what  happened  to  that  cobalt.  He  noticed  in  the  ans^lysis 
of  the  precipitate  copper  a  certain  amount  of  nickel  (-OT  per  cent) 
was  shown  but  there  was  no  mention  of  cobalt!  He  asked  if  it 
built  up  in  the  solution  and,  if  so,  what  happened  to  it  in  the  end. 

On  the  question  of  the  addition  of  sodium  chloride,  the  paper 
said  *  Whether  the  salt  is  added  at  the  furnace  or  at  the  tanks, 
an  increase  .  .  . ' ;  one  would  imagine  that  the  salt  was  first 
required  in  the  furnace  for  the  chloridizing  process  and  then  later 
as  brine  for  the  leaching.  He  wondered  if  any  attempt  had  been 
made  to  split  those  additions — that  is,  to  add  some  of  the  sodium 
chloride  in  the  furnaces  in  order  to  provide  the  chlorine  for  the 
chloridizing  roast  and  then  make  a  second  addition  by  putting  it 
in  the  leaching  process  to  act  as  a  brine  leach. 

The  precipitation  of  copper  was  carried  out  by  scrap  iron  in  the 
usual  way.  He  believed  he  was  right  in  saying  that  at  Spektakel, 
near  the  O'okiep  mines  in  Namaqualand,  tinned  scrap  was  used 
and  had  been  found  to  give  very  efficient  precipitation  of  copper. 
He  imagined  that  a  certain  amount  of  tin  went  into  the  precipitate', 
but  it  must  be  a  very  small  amount  and  it  did  not  affect  the  valu^ 
of  the  copper.  He  wondered  if  anyone  had  any  experience  of  the 
«se  of  tinplate  scrap  instead  of  iron. 

He  noted  that  fiat-bed  vacuum  filters  were  used,  and  wondered 
if  that  was  a  matter  of  availability  or  whether  they  were  found  to 
have  any  advantage  over  the  rotary  drum  vacuum  filter. 

The  precipitation  with  the  zinc-copper  alloy  seemed  to  be  very 
effective  and  he  imagined  that  the  silver  was  co-precipitated  with 
the  copper.  He  would  like  to  know  if  it  was  a  complete  precipi- 
tation or  whether  some  of  the  silver  staved  in  solution. 

There  were  two  small  points  on  p.  19  :  the  analysis  of  the  de- 
copperized  liquor  showed  for  zinc  *  {q^jl-)  1*0  *,  which  he  believed 
to  be  a  misprint  for  *  91*0 ',  and  sodium  sulphate  was  misprinted 
lower  down. 

Dr.  Groves  said  he  had  noticed  that,  in  their  introduction,  the 
authors  explained  that  since  1940  Rio  Tinto  pyrites  had  been 
largely  replaced  by  brimstone,  and  that  in  consequence  the  procesd 
they  described  at  Wilmington  now  proceeded  on  a  much  reduced 
scale.     A  similar  change  had  taken  place  in  this  country. 

Before  the  last  war,  iron  pyrites  was  the  principal  source  of 
sulphur  for  sulphuric  acid  in  Great  Britain.  It  also  gave  rise  to 
a  particularly  valuable  iron  ore,  for,  on  burning,  one  ton  of  pyrit^B 
usually  yielded  between  14  and  15  cwt.  of  cinders  containing 
60-65  per  cent  Fe,  and  3  to  5  per  cent  SiOj.  If  the  copper  conti&nt 
was  not  much  above  0-25  per  cent,  the  material  was  sold  to  the  iron 
and  steel  industry,  which,  after  sintering  it  to  achieve  the  dual 
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apurpoee  of  removing  the  bulk  of  the  2  to  8  per  cent  of  snlphnr 
remaining  and  agglomerating  the  material  to  a  suitable  physical 
form,  used  it  in  the  blast-furnace  burden.  Such  material  afforded 
the  equivalent  of  a  valuable  low-phosphorus  haematite  and  was 
used  in  the  manufacture  of  haematite  iron.  Pyrites  cinders  that 
were  too  cupriferous  were  first  submitted  to  the  Henderson  process, 
the  resulting  copper-free  powdery  material  being  called  purple  ore. 
At  the  outbreak  of  war  there  were  three  firms  operating  the  process 
in  the  United  Kingdom.  Their  combined  capacity  was  about 
180,000  tons  of  cinders  annually  ;  a  further  100,000  tons  of  cinders 
used  to  be  sent  every  year  to  Germany  for  treatment.  In  1988, 
the  total  purple  ore  and  pyrites  cinders  consumed  at  blast-furnaces 
in  the  United  Kingdom  was  168,100  tons.  In  spite  of  a  greatly 
increased  steel  production,  the  corresponding  figure  for  1947  was 
only  68,000  tons. 

Thus,  in  the  United  Kingdom,  as  in  America,  much  of  such 
industrial  arrangements  had  been  swept  aside  as  the  result  of  the 
use  of  American  sulphur  in  place  of  pyrites  in  sulphuric  acid  plants. 
Ehresumably  there  were  good  reasons  for  doing  this,  and  in  view  of 
the  dollar  expenditure  involved,  one  would  think  they  must  be 
extremely  good  reasons.  He  thought  that  it  would  be  of  general 
interest  if  they  could  be  told  something  of  the  reasons  for  that 
important  change. 

Mr.  Gordon  S.  Duncan  asked,  as  a  mining  engineer  and  not 
as  a  metallurgical  chemist,  one  question  on  the  fourth  full  para- 
graph on  p.  5  ;  a  fairly  practical  question.  It  had  been  his  lot 
to  have  to  sell  his  clients'  production  of  pyrites  in  various  parts 
of  the  world  and  subsequently  to  place  their  cupreous  cinder  as 
well,  and  some  of  the  copper  extractors  handling  the  cinder  rather 
liked  to  have  a  certain  amount  of  sulphur  left  in  the  ore  for  the 
very  reason  stated  by  the  authors.  Others,  mainly  in  Continental 
Europe,  much  preferred  the  low-sulphur  cinder — that  is,  the  calcine 
which  was  roasted  nearly  sweet — adding  a  controlled  amount  of 
Hulphur  in  the  form  of  pyrites  to  the  cinder  before  chloridizing  it. 

He  would  be  very  glad  if  the  authors  could  say  whether  there 
was  any  way  of  finding  out  which  really  was  the  more  economic 
method  to  follow,  (a)  in  respect  of  lump  ore,  and  (6)  in  respect  of 
fines.  It  seemed  to  him  rather  rule-of- thumb.  At  the  I.C.I.,  Ltd., 
Widnes  Works,  in  the  old  United  Alkali  Company's  days,  they 
used  to  leave  5  to  6J  per  cent  sulphur  in  the  cinders,  but  in  leaving 
a  kernel  of  sulphide  and  sulphate  surrounded  by  calcine  they 
surely  could  not  get  such  good  reactions  in  a  chloridizing  furnace 
as  they  would  by  roasting  it  nearly  sweet  and  then  adding  a  con- 
trolled quantity  of  green  ore  afterwards. 

Mr.  Stanley  Robson  said  he  spoke  with  the  reservation  that  he 
had  no  operating  experience  of  that  particular  process,  but  he 
welcomed  a  paper  of  that  type  dealing  with  a  metallurgical  extrac- 
tion process  and  considered  it  filled  a  definite  gap  in  the  Institution 
reeords.    The  paper  was  fully  descriptive  and  as  such  was  a  very 
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useful  contribution.  He  would  like  to  say  how  much  he  appreciated 
the  manner  in  which  Mr.  Lawford  introduced  it. 

He  was  also  interested  in  Dr.  Levy's  analysis  of  the  chemical 
reactions  involved  in  the  process,  which  was  based  on  the  variooB 
stoichiometric  relationships.  He  thought  a  similar  survey  from 
the  thermo-dynamic  point  of  view  with  due  consideration  of  free 
energies  would  throw  light  on  the  probable  reactions  which  actually 
took  place  in  the  course  of  the  operation  and  would  at  any  rate 
ehminate  some  of  the  possibilities  which  stoichiometric  consider- 
ations alone  had  suggested.  That  was  a  problem  for  the  physical 
chemist,  but  such  a  survey  might  remove  much  of  the  obscurity 
which  surrounded  the  analysis  of  the  chemical  problem  at  present. 
In  the  absence  of  the  guidance  which  such  an  analysis  would  give 
he  thought  that  the  possible  reactions  between  salt  and  SO^  in  the 
chloridizing  furnace,  to  give  a  direct  production  of  hydrochloric 
acid  and  sodium  sulphate,  should  be  considered.  That  reaction 
was  actually  used  at  one  time  in  the  well-known  Hargreaves 
process. 

He  thought  that  the  detailed  description  of  the  metallurgical 
procedure  added  milch  to  the  value  of  the  paper,  particularly  as 
it  was  supplemented  by  details  of  the  materials  used  in  the  con- 
struction of  the  plant  and  proved  satisfactory  by  experience.  The 
choice  of  materials  to  be  used  in  the  construction  of  such  plants 
was  often  difficult,  and  experience  was  in  many  cases  the  only 
reliable  guide.  One  of  the  great  merits  of  the  paper,  therefore, 
was  the  complete  statement  of  exactly  what  was  used. 

The  addendum  to  the  paper  on  the  interesting  use  of  a  jet  heater 
with  a  thermal  efficiency  of  80  per  cent  gave  a  neat  and  economical 
solution  of  the  problem  of  heating.  The  use  of  the  same  device 
for  mixing  was  also  a  very  happy  thought. 

Mr.  J.  Jacob!  said  that  he  also  was  very  interested  to  read 
about  the  Venturi  solution  heater.  A  similar  device  existed  in 
the  submerged  flame  burner,  which  gave  exceedingly  high  effi- 
ciencies and  was  used  not  only  for  heating  but  also  for  evaporating 
solutions  of  inorganic  salts  even  in  multiple  effects.  The  dis- 
advantage of  that  type  of  heater  was  that  it  could  only  be  used 
with  town  gas  or  some  other  clean  gas,  which  was  an  exceedingly 
expensive  form  of  fuel,  in  spite  of  the  high  heating  efficiency ; 
where  steam  could  be  used  it  was  usually  much  cheaper. 

He  was  particularly  interested  in  the  zinc  extraction  section  of 
the  paper ;  he  thought  that  zinc  chloride  solutions  of  the  type 
described  could  cause  great  difficulty — he  had  had  some  experienoe 
with  them.  Unfortunately  there  was  not  a  market  in  Great  Britain 
for  such  solutions  with  about  1  g.  of  iron  per  litre — the  iron  usually 
had  to  be  of  the  order  of  1  mg.  or  less  ;  the  market  for  zinc  chloride 
solutions,  as  such,  was  limited  but  still  considerable. 

The  authors  did  not  say  anything  about  the  proposed  method 
of  recovering  the  zinc  ;  a  zinc  oxide  precipitation  was  feasible 
but  beset  with  many  difficulties  and  it  was  interesting  to  know 
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that  the  I.G.  Farben  Industrie  had  developed  a  process  of  making 
a  sine  oxide  in  that  way,  which,  although  not  claimed  to  be  suitable 
for  colour  purposes,  was  at  any  rate  very  good  for  impregnating 
mbber. 

The  authors  mentioned  tunnel  burners  for  obtaining  a  suitable 
reducing  flame  in  the  roasting  furnaces.  He  had  made  a  series 
of  experiments  with  different  burners  also  on  town  gas  for  small- 
size  furnaces,  and  a  very  useful  form  of  burner  had  been  developed, 
running  round  the  periphery  of  the  furnace,  throwing  the  flame 
not  tangentially  on  to  the  hearth,  but  upwards,  so  that  it  formed 
a  dome  over  the  arch  of  the  furnace.  It  was  also  possible  to  alter 
the  conditions  to  oxidizing  or  reducing  as  necessary.  That  had 
proved  very  successful  in  an  application  where,  unfortunately, 
owing  to  the  endothermic  nature  of  the  reaction,  one  needed  not 
800  ft.  but  8,000  ft.  of  gas  per  ton  treated. 

He  had  often  wondered  about  the  maximum  capacity  of  roasting 
furnaces  on  different  materials.  The  authors  mentioned  a  figure 
which  gave  an  area  of  21  sq.  ft.  per  ton  per  24  hours.  No  two 
calcines  needed  the  same  treatment,  but  he  would  like  to  mention 
that  it  had  been  possible  to  roast  manganese  ores  at  a  very  much 
higher  rate,  the  endothermic  reactions  being  carried  out  at  the 
rate  of  8  sq.  ft.  per  ton  per  24  hours,  which  he  thought  formed 
a  record.  It  was  gratifying  to  note  that  that  was  done  not 
somewhere  in  America  but  within  10  miles  of  Burlington  House. 

Mr.  Harry  C.  Lancaster  said  he  agreed  with  the  other  speakers 
with  regard  to  the  great  interest  shown  in  the  authors'  descriptive 
practice  of  the  Henderson  process,  as  by  careful  and  thorough 
technique  on  their  part  they  had  proved  it  was  possible  to  recover 
not  only  the  copper  but  also  the  gold,  silver,  lead  and  zinc  present 
in  varying  quantities. 

It  would  not  be  reasonable  in  present  days  of  fluctuating 
markets  and  rapidly-changing  conditions  to  pin  the  authors  down 
too  closely  on  the  score  of  costs.  Nevertheless  they  were  of  vital 
importance,  and  it  should  be  noted  that  the  lead  in  1940-1941 
cost  about  £86  per  ton  to  recover,  whereas  the  lead  price  during 
those  years  was  pegged  at  £25  per  ton,  thus  entailing  a  heavy  loss. 
The  authors  might  rightly  claim  that  it  was  essential  to  meet  the 
ironmasters'  specification,  and  moreover  lead  to-day  was  £123 
per  ton — a  very  different  story. 

Many  years  ago  he  was  asked  to  visit  a  derelict  site  in  the 
Weardale  district,  where  there  had  been  originally  three  iron  blast 
furnaces.  There  was  nothing  left  but  three  enormous  holes  in 
the  ground  with  from  80  to  90  tons  of  lead  in  the  bottom  of  each. 
The  iron  ore  they  had  smelted  had  evidently  contained  some  lead 
which  found  its  way  to  the  bottom  and  had  seeped  through  the 
brickwork.  He  mentioned  that  because  it  seemed  to  him  that 
lead  contents  would  be  more  cheaply  and  better  recovered  if  the 
bottom  of  the  blast  furnaces  could  be  constructed  so  that  the 
lead  could  be  recovered  direct,  instead  of  seeping  into  the  ground. 
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It  was  a  curious  if  not  a  striking  fact  that  so  much  ingenaitj» 
was  shown  in  removing  both  the  copper  and  lead  from  those  iron, 
residues.    The  speaker  could  vouch  that  over  200  tons  of  lead  bad: 
been  added  that  year  to  iron  and  steel  to  speed  up  its  turning, 
qualities  and  in  all  probability  much  more  was  similarly  used  in 
the  United  States.    Moreover,  copper  was  being  added  to  iron 
for  many  purposes,  but  doubtless  the  governing  factor  waa  when 
and  how  those  additions  were  made. 

Dr.  Levy  said  that  he  believed,  and  had  assumed  for  the 
purpose  of  calculation,  that  all  the  sulphate  sulphur  in  the  cinders 
was  combined  with  zinc  and  copper,  that  the  rest  of  the  zinc  and 
copper  was  present  as  sulphides  combined  with  elementary  sulphur, 
and  the  rest  of  the  sulphur  present  was  combined  with  the  iron  as 
sulphide.  He  agreed  that  zinc  and  copper  were  likely  to  be  present 
as  sulphides  rather  than  as  oxides. 

The  President  expressed  the  congratulations  and  thanks  of  the 
Meeting  to  the  three  co-authors  for  their  admirable  paper,  and 
particularly  to  Mr.  Lawford  for  his  able  introduction.  They 
would  look  forward  with  great  interest  to  a  reply  from  the  three 
co-authors  in  due  course. 
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expressed  In  a  ay  of  its  poblicatloos. 

THE  INSTITUTION  OF  MINING  AND  METALLUKGY 

DISCUSSION  ON 
A  Ncte  on  •  Steel  *  Galena* 

JBy  G.  A.  ScHNELLMANN,  Associote 

The  paper  was  also  presented  for  discussion,  but  in  view  of  the 
lateness  of  the  hour  no  discussion  ensued  and  the  President 
invited  discussion  by  correspondence. 


CONTRIBUTED  REMARKS 

Mr.  T.  Eastwood :  I  have  never  seen  steel  ore  in  situ,  but 
Dr.  Stanley  Smith,  whose  description  is  quoted  in  the  paper,  is 
known  to  me  as  a  careful  observer.  That  steel  ore  has  some 
connection  with  movement  is  obvious.  While  secondary  growth 
replacing  fault  material  is  possible  for  galena  and  probably  true 
of  calcite  and  quartz,  the  explosive  nature  noticed  by  the  old 
Derbyshire  miners  seems  to  indicate  direct  connection  with  move- 
ment, with  the  deformation  of  ordinary  galena  into  steel  ore. 
With  such  an  origin  it  is  not  surprising  that  the  composition  of 
steel  ore  is  variable,  for  ore  constituents  of  the  lode  in  the  vicinity 
of  the  movement  must  have  contributed  to  the  resulting  gouge. 

Dr.  Stanley  Smith  notes  the  effect  of  movement  on  fiuor  ;  has 
Dr.  Schnellmann  noted  the  effect  on  other  minerals  with  good 
cleavage — such  as  calcite,.  barytes,  blende — or  on  minerals  devoid 
of  cleavage — such  as  pyrite  or  quartz — and,  if  so,  has  he  noted 
any  strain  phenomena  under  the  microscope  ? 

A  high  silver  content  is  attributed  to  steel  ore,  although  not 
shown  in  the  analyses.  I  have  noted  a  high  silver  content  in 
ordinary  galena  when  associated  with  barytes,  in  the  Lake  District, 
but  have  failed  to  find  a  clue  to  the  reason,  and  I  should  welcome 
suggestions. 

Dr.  David  Williams :  Laboratory  experiments  carried  out  by 
Messrs.  F.  D.  Adams,  W.  H.  Newhouse  and  others  have  demon- 
strated that  the  softer  ore  minerals,  including  galena,  can  be 
deformed  and  made  to  flow  under  high  differential  pressure. 
Adams  showed  that  a  gneissic  structure  produced  by  the  deforma- 
tion of  galena  was  accompanied  by  an  increase  in  toughness  of  the 
mineral  and  that  flowage  was  effected  by  internal  gliding  and 
twinning.  At  Sonora,  Mexico,  fine-granular  *  steel  *  galena  found 
alongside  slips  is  attributed  to  the  deformation  and  crushing  of 
coarser,  lamellar- twinned  galena,  the  two  types  merging  into  each 
other.  There  the  fine-grained  galena  is  not  abnormally  rich  in 
silver,  whereas  at  the  Halkyn  mine,  and  at  Coeur  d'Alene,  Idaho, 
*  steel  *  galena  is  appreciably  more  argentiferous  than  common 
galena. 

*Bui  .  606,  Dec.  1948. 
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I  have  recently  examined  polished  sections  of  *  steel '  galena 
and  an  undeformed  cube  of  galena  from  Halkyn.  As  no  discrete 
silver-bearing  minerals — such  as  argentite  or  tetrahedrite — could 
be  detected  even  under  high  magnification,  an  attempt  was  made 
to  ascertain  the  distribution  of  silver  within  the  galena  by  the 
contact  film  method.  Gelatin-coated  paper  saturated  witti  an 
attacking  reagent  (1  :  10  HNO3)  ^^^  ^  specific  reagent  for  silver 
(a  mixture  of  2 :  5  of  20  per  cent  formaldehyde  and  10  per  cent 
KOH),  after  being  pressed  on  the  polished  surfaces,  gave  printfi 
suggesting  by  their  uniform  colour  that  in  both  cases  silver  is 
present  in  solid  solution  in  the  galena.  Moreover,  the  deeper  tone 
of  the  print  obtained  from  the  *  steel  *  galena  confirmed  that  it 
is  richer  in  silver  than  the  undeformed  cubic  variety,  this  fact 
being  further  corroborated  by  spectrographic  analysis.  It  would 
be  interesting  to  know  whether  there  is  any  tendency  for  galena 
alongside  the  *  steely  *  type  to  be  impoverished  in  silver,  as  if  to 
suggest  that  the  precious  metal  had  migrated  under  pressure^ 
towards  the  crush  zones. 

Etching  the  polished  surfaces  with  1 : 5  HCl  brought  out  no 
vectorial  textures  in  the  cube  of  galena,  but  part  of  the  '  steel  * 
galena  specimen  developed  a  series  of  lamellas  reminiscent  of  slip 
or  glide  planes  due  to  plastic  deformation  of  the  sulphide. 

What  are  the  gangue  minerals  in  the  galena,  said  to  be  repre- 
sented by  the  irregular  black  patches  in  the  photomicrographs  ? 
Thin-sections  might  indicate  that  these  minerals,  presumably 
carbonates,  exhibit  signs  of  deformation  and  preferred  orientation, 
and  thus  lend  support  to  Dr.  Schnellmann's  justifiable  contention 
that  the  texture  of  schistose  and  '  steel '  galena  at  Halkyn  is  the 
result  of  pressure. 
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NOTICE  OF  GENERAL  MEETING 

The  Sixth  Ordinary  General  Meeting  of  the  Fifty-Eighth  Session  of  the 
Twrnatitntioin  of  Mining  and  Metallurgy  will  be  held,  by  kind  permission,  in 
tlfta  Apartmento  of  the  Geological  Society,  Burlington  House,  Piccadilly, 
Lucmdosi,  W.  1,  on  Thursday,  17th  March,  1949,  at  5  p.m. 

The  paper  entitled  Geophysics  and  economic  geology,  by  Dr.  J.  MoG. 
tw,  which  is  published  in  this  issue  of  the  Bulletin,  will  be  submitted 
dieousnon.     Dr.  Bruckshaw,  who  is  University  Lecturer  in  Physics  at 
Imperial  College  of  Science  and  Technology,  will  introduce  his  paper  at 
tlfta  Meeting. 

lA^kt  refireshmen-to  will  be  provided  at  4.30  p.m.  for  members  and 
itora  attending  the  Meeting. 


^n^e  Council  invite  written  contributions  to  the  discussion  of  papers 
firosn  members  who  may  be  unable  to  be  present  at  the  Meetings  of  the 
IiMititution.  The  Council  reserve  the  right  to  edit  and  condense  such 
wmtributions. 
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INSnriTUTION   NOTES 


Malaria     Ck>iitrol     Ck>urse     for 
Laymtti 

The  '  lay  *  ooune  in  malaria 
oonirol  for  planters  and  minerB  is 
to  be  re-establiahed  by  the  Roes 
Institute  and  tvHI  be  held  from 
18th  to  22nd  July,  1949. 

The  following  is  an  extract  from 
a  notice  circulated  by  the  Director 
of,  the  RoflB  Institute  of  Trdpiiftd 
Hygiene : 

'  Before  the  war  this  course  was 
very  successful  and  greatly  appre- 
ciated. It  was  the  main  agency 
which  produced  a  generation  of 
planters  and  miners  who  not  only 
understood  the  gravity  of  malaria 
but  had  a  considerable  special 
knowledge  of  how  it  could  be 
controlled. 

*  This  generation  is  now  growing 
older  and  is  being  replaced  by  one 
without  this  knowledge,  which  is  as 
necessary  for  efficiency  and  economy 
in  these  days  of  D.D.T.  and 
paludrine  as  it  was  before. 

*■  Future  programmes  of  instruc- 
tion will  depend  very  much  on  the 
success  of  this  next  course'.  Your 
active  co-operation  in  securing 
attendance  at  this  course  will  be  of 
great  help  in  ensuring  their  con- 
tinuation, and  is  earnestly  requested. 

'  It  would  be  appreciated  if 
agencies  and  firms  would  inform  their 
managers  emd  assistants  that  the 
course  is  being  organised  anfd 
encourage  and  assist  them  to  attend. 
There  is  no  fee.* 

Notification  of  intention  to  attend 
the  covirso  should  be  sent  as  soon  as 
possible  to  the  Organizing  Secretary, 
Ross  Institute  of  Tropical  Hygiene, 
Keppel  Street,  Gktwer  Street, 
London,  W.C.  1. 

Index  of  Recent  Articles 

As  members  will  see,  the  Universal 
Decimal  Classification  has  been 
adopted,  with  the  authority  of  Xhe 
Council,  for  the  Index  of  Recent 
Articles,  and  will  be  the  system 
used  in  the  Joint  Library. 

The  pamphlet  describing  the 
library  and  information  services 
includes  an  explanatory  section  on 
the  new  system  of  classification. 


Annual  Dinner,  1949 

The  Axmiial  Dinner  of  the  Instita- 
tion,  ^hioh  was  not  held  last  year, 
will  take  plaoe  on  lliurBday, 
5th  Biay,  1949,  at  the  Savoy  Hotcd, 
Strand,  London,  W.C.  2.  Full 
particulars  will  be  published  later. 

Fifty- Eighth    Session,    1948-49: 
Dates  of  Subsequent  Meetings 

The  following  are  the  dates  fixed 
for  General  Meetings  of  the  Institu- 
tion during  the  remainder  of  the 
Session  1948-49 : 

2l8t  April,  1949. 
19th  May,  1949. 
16th  June,  1949. 
(These  dates  are  the  third  Thurs- 
day of  the  month.) 

April  General  Meeting 

The  paper  to  be  submitted  for 
discussion  at  the  General  Meeting 
to  be  held  on  21st  April  is  entitled 
''Recovery  of  sulphur  firom  smelter 
gases  by  the  Orkla  prooete  at  Rio 
Tinto.*  The  authors  are  Messrs. 
H.  R:  Potts  and  E.  G.  Lawford, 
Members,  and  Mr.  Lawford  will 
intr6duce  the  paper  at  the  Meeting. 

February  General  Meeting 

The  Fifth  Ordinary  General  Meet- 
ing of  the  Session  took  place  at  the 
Geological  Society  of  London  on 
Thunkday,  17th  February,  when 
over  80  members  and  visitors  were 
present.  Mr.  Jack  S)ialding,  Af em6sr, 
introduced  his  paper  entitled 
*  Ground  control — ^theory  and  prlM- 
tl'ce  *,  and  illustrated  his  remarks 
with  lantern  slides.  The  interesting 
discussion  which  took  place  will  be 
reported  in  the  April  issue  of  the 
Bulletin. 

Candidates  for  Admission 

The  CmmcU  vfeUome  cMnmiailflflMpiw  §9  scMt 
Cftevi  to  dteUUna  wMher  the  fmliMctiimu  «f 
auididaiei  for  a^nisHon  <tito  the  TiuUt^timMn 
the  refuiremenU  of  the  Bp-Lawt,  The  uppH 
eatUm  forme  of  amdidatee  for  MemberaMp  or 
Auoetiteehip  tKO  be  emefi  far  kuftetitm  fli  Ite 
offiee  of  the  InetUutitm  for  a  period  ofet  ledM  hm 
moMthefnm  the  daU  of  the  BtfUettn  fo  «»Mbft  their 
applieatioHS  are  aimotmeed. 

The   following   have   applied   for 

transfer  since  10th  February,  1949  : 

To  Mkmbership — 
Rcu>ul    Gustin    Bergman    {Paoffou* 
mene.  New  CtUedonia). 
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John  A'Court  Bergne  (Great  M insert- 
den,  Buckinghamshire). 

To  ASSOCIATESHIP — 

Ronald  Frederick  Jarvis  (Marikup- 

pam.  South  India). 
Lindsay     Lee     Shearer     {Muf ultra  y 

Sorthem  Rhodesia). 

The  following  have  applied  for 
admission  since  10th  February, 
1949: 

To  Membership — 

Gordon  Colvin  Lindosay  Clark  (Mel- 
boume,  Vic,  Australia). 

John  Henry  Harris  {Dodoma,  Tan- 
ganyika Territory). 

To  ASSOCIATESHIP — 

Ian   Scott   Ferguson  {Jos,  Northern 

Nigeria). 
Harry     Raymond     Miles     {Tarkwa, 

Gold  Coiist  Colony). 
Robert.       Laurence       Rodda      {Jos, 

Northerrt  Nigeria). 

To  Sti'dentship — 
John  Trevor  Hall  {Lotidon). 
Miles  Holme  Ru8S<.»ll  {London). 
Roy      Russell      {Hillingdon      Health, 

Middlesex). 

Transfers  and  Elections 

The  following  were  transferred 
(subject  to  continuation  in  accord- 
ance with  the  conditions  of  the 
By-Laws)  on  10th  Februarj-,   1949: 

To  Membership— 
Henry  Albert  La  vers  {Minns,  Brazil). 

To  ASSOCIATESHIP — 

Ivor  Eric  de  Beer  {Que  Que,  Southern 
Rhodesia). 

Douglas  Foakes  Fairbairn  {Polis, 
Cyprus). 

Alfred  Jose  {Redruth,  Cornwall). 

Peter  Fremk  Faniham  Lancaster- 
Jones  {Springs,  Transi:aal). 

Hans  Walter  Pokorny  (London). 

William  Victor  Symes  (Milburn 
Grange,  Westmorland). 

The  following  were  elected  (subject 
to  confirmation  in  accordance  with 
the  conditions  of  the  By-Laws)  on 
10th  Februarv,  1949  : 

To  Membership— 
Feniand  Albert  Jean  Blondel  {Paris. 

Franre). 
Pierre  Charles  Alexis  Legoux  (Paris, 

France). 
Henri  Marie  Fran9oi8  Nicolas  {Tunis, 

Tunisia). 
Jameft  Hawanl  Taylor  (l^o)hdon). 


To  ASSOCIATESHIP — 

Wallace  Reginald  Coke  (Bulauxiyo, 
Southern  Rhodesia). 

Alexander  Forbes  (Sungei  Best, 
Malaya). 

James  Galbraith  (Hangha^  Sierra 
Leone). 

David  Stanley  Lavm  (Nsuia,  Gold 
Coast  Colony). 

Robert  Murray  Meikle  (Camborne, 
Cornwall). 

William  McNeil  Smith  (Scone,  Scot- 
land). « 

To  Studentship-  - 

James  Jamieson  Boll  (Camborne, 
Cornwall). 

William  Neil  Blayney  (Camborne, 
Cornwall). 

Eric  Charles  Blunden  (Hayle,  Corn- 
wall). 

Norman  Flexman  Burrell  (Truro, 
Cornwall). 

Geoffrey  Adam  Daniels  (Gwithian 
Towans,  Cornwall). 

James  Gumey  Gateward  Davi»> 
( Ca m home ,  Cornwall ) . 

Thomas  Foy  Downs  {Manchester, 
Lancashire). 

Geoffrey  Alan  Dunthonio  (Seafoid, 
Stissex). 

Brian  VVilliam  Hester  (Ruislip, 
Middlesex). 

Dale  Seaton  Hurrell  (Camborne, 
Cornwall). 

Alan  Michael  Jane  (Camborne,  Com- 
uxUl). 

Robert  Day  Kennedy  (Camborne, 
CornuxiU). 

Jeffrey  Kenyon  (London). 

Patrick  James  Lindesay  Lyons 
(Camborne,  Cornwall). 

William  James  Marshall  (Walling- 
ton,  Surrey). 

Tadeusz  Moskwa  (London). 

James  Harold  Newman  (Birming- 
ham, Warwickshire). 

James  Owen  Nodder  (Plymouth, 
Devonshire). 

Stanley  James  Ramage  (Uxbridge, 
Middlesex). 

John  Edgar  Reed  (Plymouth,  Devon- 
shire). 

VVilliam  Valentine  Rickards  (Red- 
ruth, Cornwall). 

Evcrard  James  Ross  (Birmingham, 
Warwickshire). 

Diml>eswar  Sarma  (Leeds,  York- 
shire). 

Victor  John  Tilly  (Camborne,  Corn- 
wall). 
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Pet«r    Leslie    Vaiighan    {Cambornt, 
CornwaU). 

News  of  Members 

Members^  Associatf.i  and  i<tudnUji  an  invilrJ 
to  sitpply  tJir  HtcrHary  trith  pprxonnl  n^ir^  f'tr 
pnhlicntiny^  undrr  this  hmditni.  ' 

Mr.  K.  .1.  Aqnew,  Jdembiv,  xh 
travelling  to  AuHtralia  and  will  not 
he  returning  to  England  until  fhv 
end  of  June. 

Mr.  D.  G.  AftMSTRONO,  An80ciati\ 
has  been  appointed  inetAllurgist  to 
the  Colonial  Development  .Corpora- 
tion. 

Mr.  T.  VV.  Bknnetts,  Aftsociatt, 
has  returned  to  Northern  Nigeria 
after  leave  in  Engleuid. 

Mr.  B.  Bekixoer,  Membtr,  cuisis- 
tant  general  manager  to  Randfont«iii 
P^tatos,  has  been  transfenvil  to  the 
Palmiet  Chrome  Mines,  Ltd.,  as 
nianager. 

Mr.  G.  B.  BiXBY,  Assoc Utte^  has 
returned  to  Malaya  from  England. 

Mr. .?.  C.  BoLsovER,  Associate,  ha** 
returned  to  Tarkwa,  Gold  Coast, 
after  leave  in  England. 

Mr.  F.  G.  Brinsden,  Member,  has 
been  awarded  the  Medal  of  the 
Australasian  Institute  of  Mining  and 
Metallurgy.  Ho  has  taken  up  re.si- 
dence  in  Perth,  having  retired  from 
the  active  management  of  North 
Kalgurli  (1912),  Ltd.,  and  South 
Kalgurli  Consolidated.  Ltd. 

Mr.  Alan  Cawley,  AssociaU\  has 
left  England  for  tiie  Geological 
Sur\'oy  at  Jo5»,  Northern  Nigeria. 

Mr.  J.  T.  Chappkl,  Mnnher,  is 
returning  to  England  at  the  k^wd  of 
the  month  from  Perak.  Malaya. 

Mr.  Annan  Cook,  Associate,  has 
joined  the  staff  of  Kemiofott  Copper 
Corporation,  New  York. 

Mr.  G.  F.  V.  Cooper,  Associate,  is 
returning  to  Northern  Nigeria. 

Mr.  E.  El-Zoghby,  Student,  has 
left  the  United  Kingdom  for  Cairo. 

Dr.  W.  David  Evans,  Associ^ite, 
has  left  Univei-sity  College,  Cardiff, 
on  his  appointment  as  Trofessor  of 
Geology  at  Nottingham  University. 
He  has  recentlv  received  the  Lvell 
Award  of  the  Geological  Society  of 
London. 

Mr.  J.  Goodwin.  Student,  took  ux^ 
the  position,  on  1st  January,  of 
manager  of  the  manganese  and  iron 
mines  of  Orissa  Minerals  Develop- 
ment Co.,  Ltd.,  at  Bara  Jamda, 
India. 


Mr.  H.  L.  H.  Harbison,  Member, 
is  coming  to  England,  where  he  will 
be  on  leave  from  Malaya  until 
August. 

Mr.  R.  W.  Henderson,  Associate, 
now  holds  the  position  of  resident 
engineer  in  the  Rhodesias  for  the 
Cementation  Co.  (Africa),  Ltd. 

Mr.  J.  O.  Ho\VELi*s,  Member,  .'\» 
now  on  a  profcvjsional  visit  in  British 
Columbia,  where  he  will  rt>main  for 
some  time. 

Mr.  G.  R.  Jones,  AsfocicUe,  has 
relinquished  his  position  as  manager 
of  the  General  Sandur  Minhig  Co., 
India.  an<l  is  returning  to  England. 

Mr.  O.  McCuLLocH,  Associate,  has 
i-etumed  to  Scotland  on  leave  from 
Colombia,  where  he  was  chief 
survevor  with  Frontino  Gold  Mines, 
Lt<l.,  and  will  be  returning  to 
Colombia  at  the  beginning  of  May 
as  mine  agent  to  the  Silencio  mine. 

Mr.  E.  P.  Meaton,  Associate.,  has 
Joined  the  staff  of  Randfontein 
Estat<>s  Gold  Mining  Co.,  Witwaters- 
rand,  Ltd.,  a«  senior  study  assistant. 

Mr.  G.  C.  Penoillv,  Sitideni,  Ls 
now  in  England,  having  left  IConongo 
Ctold  Mines.  Ltd.,  Gold  Codst. 

Mr.  D.  J.  Ro(JERS.  Member,  lias 
now  returned  to  Springs,  Transvaal, 
from  Tanganyika. 

Mr.  K.  B.  SwAMY,  Associate,  has 
btH»n  appointed  Profest^or  of  Mine 
Surveying  at  Banaras  Hindu  Uni- 
versity, India. 

Mr.  N.  B.  Vinson,  Associate,  has 
been  transfeiTed  from  Vlakfontein 
Gold  Mining  Co.,  Ltd.,  to  the  post 
of  reduction  works  foremcui  at 
Venterspost  Gold  Mining  Co.,  Ltd. 

Mr.  Martin  Watts,  Student,  is  in 
Sudbmy,  Ontario,  on  the  engineer- 
ing staff  of  the  Stobie  mine  of 
International  Nickel  Co.  of  Canada. 

Mr.  H.  Cajilyon  Webb,  Member, 
holds  the  position  of  manager  for 
the  North  African  Mining  Corpora- 
tion in  Spanish  Morocco. 

Mr.  John  Weekley,  Member,  has 
rctiuTied  to  Englajid  on  six  months' 
leave  from  Malaya. 

Mr.  W.  Broadhead  Williams, 
Associate,  expects  to  arrive  in 
England  at  the  begimiing  of  this 
month  on  leave  from  Tanganyika. 

Mr.  C.  J.  W.  Wilson,  Associate, 
has  joined  the  staff  of  the  Imshi  and 
Birkdale  mines  in  Southern 
Rhodesia. 
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The  economics  of  mining  i  non- 
ferrous  metals) :  valuation, 
arganization,  management. 
3rd  ed.  By  Theodore  Jesse 
HoovEB.  Stanford,  California  : 
Stanford  University  Press,  194S. 
r>ol  p..  illuB..  diagra.     87.50. 

The  publication  of  the  third 
4  flit  ion  of  this  well-known  standard 
.\niericari  work  upon  the  economics 
i»f  mining  in  a  notewortliy  event 
although  it  could  have  been  wished 
that  it  had  been  possible  for  the 
author  to  revi8<'  ami  bring  his  pages 
up  to  date  in  a  more  detailed  manner. 
The  changes  which  have  taken  place 
in  workl  economics  since  19311  have 
rendorwl  invalid,  or  at  best  of 
iicatieraic  interest  only,  many  of  the 
»tatement>(  mtide  and  conc[u<4ion6 
ilrawn. 

However,  it  is  encouraging  to 
read  his  waniiogs  agauist  the  waste 
<»f  the  precious,  irreplaceable  mineral 
ri'sources  of  the  world,  a  warning 
uhich  cannot  1m*  too  strongly 
t»niphasiz(»d  in  this  mncliini'  age 
when,  lis  he  states,  thi»  '  repair  of 
v>l-»solescence  in  the  area  oi"  Western 
c-ivilizrttion  alone  would  place  a 
territii-  strain  i»ii  our  nMc'rvcs  '. 
It  is  sonu'whai  dilhcult,  however, 
io  agrf*<»  that  "the  fainiii*^  .  .  .  (or 
l>Iatiriuin  ...  is  aliiv\dy  within 
sight  '.  If  an  assured  ecnuomical 
pri'-e  fur  the  metals  of  this  ^roiij) 
I'ould  be  guaranteerl  their-  {jrodue- 
tit>Ti  {'ould,  in  the  opinion  of  ilie 
ievif'W(?r,  be  greatly  inereiisf^l  within 
;•  few  years. 

A-s  sp<»cifie<l  in  the  .'^uh-iilli'  the 
main  divisions  of  the*  ho»ik  are  : 
I  I)  Mine  Vnliiution,  {2>  Mine  Organi- 
zation and  (3)  Mine  Management. 
Healing  with  these  subjects  in  this 
•  »rd«*r,  Mr.  Hoover's  remarks  U[)oii 
ttie  duty  of  an  enj^iueer  are  apt  and 
io  the  ])()int  and  it  <'Ould  Im<  wished 
ihat  the  iion-teehnieal  ])ul)li(-  had 
a  grtrater  un.dei'staudiiii:  of  the 
pr«ibleins  involved.  To  <juote  : 
■  rndrH^<l,  the  chief  useful!u\ss  of  the 
tragintvr  in  our  sc»cial  organizatiun 
i<;  that  he  is  trained  to  make,  and 
that  he  cheerfully  undertakes,  these 
tentative  valuatiotis  from  scrtttero<l 
an<l  imperf»)ct  data  ;  ho  relit^H  upon 
hiK  own  past  experience  and  the 
.KM-iUnulatefl     •■\])eri(?n(  i*     of    otln-rs 


to  give  him  a  reasonable  basis  for 
his  prophecy  of  the  future  *.  The 
difficulty  with  which  the  engineer — 
who  should  always  be  lioping  to  be 
able  to  present  a  favourable  report 
upon  offered  properties — is  faced 
may  be  realized  from  the  fact  that 
*  records  of  several  exploration  com- 
panies show  a  total  of  4,093  mines 
offennl  and  eight  purchased,  or  about 
(me  in  five  hundred  '.  The  necessity 
for  a  high  rate  of  return  upon  a 
mining  investment  is  stressed  and 
it  is  pointed  out  that  it  is  only  the 
lure  of  possible  large  profits  that 
enables  capital  for  mining  ventures 
to  be  obtaiiuvl,  those  investors  seek- 
ing s(H-urity  and  stea<i3'  return  having 
iLO  business  to  risk  their  money  in 
such  a  spe(;ulative  undertaking. 
The  determination  of  the  Present 
Value  of  a  mine  is  fraught  with  many 
pitfalls  and  Mr.  Hoover's  dictum 
that  to  be  satisfied  with  less  than 
10  per  cent  amiual  return  on  a 
mining  investment,  after  allowance 
for  redemption  «»f  capital,  would 
show  a  luck  of  acumen,  combine<l 
with  his  implied  .suggest i(m  that  the 
i^stimated  life  of  a  mine  should  bt» 
haseil  only  u])on  the  devc^loped  and 
])robable  '  on*  reserves,  makes  one 
sigh  for  the  days  when  such  was 
posisihl*'.  Furthermore,  the  fallacy' 
of  using  u  <louble  rate  in  Present 
Vahn^  calculations  m  these  <lavs  of 
high  taxation  should  be  pointed 
out.  That  portion  of  the  dividend 
whii^h  is  set  aside,  at.  suggests 
Ml'.  Hoover,  '  astivings-bank  intere.st 
of  4  per  cent  '  in  order  tt>  nHleem 
the  capital  expended  by  the  em  I  of 
th.'  liie  of  the  ])roperty,  would  not 
tlo  so  wln'rc  4  per  cent  before  tax  is 
ecjual  to  approximately  2  per  cent 
after  tax  and,  furthermon\  inter(»st 
of  siivings-hank  safety  is  moiv 
likely  to  be  '2\  or  3  p(?r  cent  than 
4  per  ((^nt.  It  is  but  rarely  tliat 
shares  in  estal^lished.  sound  ejid 
flourishing  mining  eom])anies  eould 
be  obtaiiM'd  at,  say,  S  per  cent  and 
lA  per  ec>nt  <louble  rate  valuations. 
For  the  .sake  of  the  younger  engineer 
it  Ls  unfortuiuite  that  the  author  has 
not  radically  revised  Chapter  S  and 
brought  it  into  line  with  more 
modern  <'onditioiLS.  the  nomograph 
-howinir  rauires  of  from    S  p.^*  eent 
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to-day  with  a«  much  f'orco  as  they 
dU\  when  the  first  edition  was 
published.  The  same  remark  does 
not  apply,  however,  to  the  whole  of 
the  chapter  on  '  Metal  Prices ' 
which  is  interesting  but  quotes 
prices  only  up  to  1930  :  the  prophecy 
regarding  the  Burma  Corporation 
mine  might  well  have  boon  omitted 
from  the  third  edition  of  the  book. 

Part  Two,  dealing  with  '  Mine 
Organization  \  in  of  an  e<|ually  higli 
standard  and  is  of  gicuit  intorc^st  — 
particularly  so  the  discussion  on 
•  No  Par  Value '  sliares  and  the 
advice  to  mining  shares  investors. 
The  chapter  on  *  Fakes  and  Fallacies' 
is  amusing  and  instructive  as  show- 
ing the  amazing  fertility  of  the 
human  mind  in  deception  and  in  its 
gullibility,  and  would  well  repay 
study  by  a  very  wide  public. 

Mr.  Hoover  still  talks,  in  his 
discussion  of  the  principles  of 
scientific    management    in    mining. 


of  the  economy  of  abundance 
although  that  has  pasaed,  tem^ 
porarily  we  hope,  8in(*o  1939.  Tin? 
quotation  from  Stuart  Chase  on 
page  420  is  as  true  now  as  when  it 
was  written  but  the  status  of  the 
engineer  has  not  noticeably 
improved  during  the  intervening 
twenty  or  so  years.  With  the 
greatly  publicized  full  employment 
the  influence  of  the  Trade  Unions  in 
preventing  a  man  working  to  his 
lK?«t  ability  has  increase<l  even 
further  than  is  describe<i  bv  the 
author,  and  the  handicaps  under 
which  any  attempt  to  increase 
labour  elHciency  suffers  prevent 
full  advantage  being  taken  of  the 
advances  in  our  knowledge  of 
management  and  of  human  psycho- 
logy. The  chapters  on  research, 
industrial  relationships,  training  and 
safety  and  health  are  all  worthy  of 
the  same  careful  studv  as  the 
remainder  of  this  work. 

F.  E.  Kekp. 


OBITUARY 

Adam  Alexander  Boyd  <hed  at  Brisbane.  Australia,  on  16th  December, 

1948,  at  the  age  of  79.     He  was  born  in  Scotland  and  from  1885  to  1888 

took  an  engineering  an<l  mining  course  at  the  Technical  College,  Glasgow. 

after  which  he  was  articl(Ki  to  Messrs.  i^ixon  and  Marshall,  civil  and  mining 

engineers  of  Glasgow.     In  1890  he  went  to  New  South  Wales  as  assistant 

mining  manager,  Bellambi  Colliery,  and  then  w£is  assistant  manager  and 

surveyor  to  the  Newcastle  Wallsend  Coal  Co.  for  five  years.     In  1898  he 

was   appointed   mining   manager   to    Broken   Hill   Proprietary   Co.,    Ltd., 

where  he  remained  for  13  years.     In  1911   he  was  made  manager  of  the 

Newcastle  Wallsend  Coal   Co.  and  two  years  later  took  up  the  post  of 

mining  superintetndent  of  The  Mount  Morgan  Gold  Mining  Co.,  Ltd.,  at 

Mount  Morgan,  Queensland,  four  years  later  becoming  general  manager. 

He  continued  in  this  position  until  the  company  went  into  liquidation  in 

1927,  but,  being  convinced  that  the  deposit  was  still  workable,  Mr.  Boyd 

was  instrumental  in  forming  a  new  company.  Mount  Morgan,   Ltd.,   to 

take  over  the  mine  and  some  of  the  assets  of  the  original  company,  and  he 

became  a  director  of  the  new  company.     In  1 929  he  was  a  member  of  the 

Royal    Commission    appointed    to    investigate    the    mining    industry-    of 

'Ougenslgnd  and  was  subsequently  appointed  to  a  Special  Coimnission  to 

'^ihe   f  .S.A,   and    Canada   to   i-eport    on    mining   conditions   in   those 

%.     He    took   over   the   general    management    of  Mount    Morgan, 

1932  and  remained  in  active  charge  until  his  retirement  in   I93i>. 

med  his  association  with  the  company,  however,  as  chairman  and 

ng  director  from  1038  to  1941,  and  retained  his  directorship  of  the 

Any,  acting  as  technical  a<lviser  to  the  board,  until  his  death. 

i'.  Boyd  was  elected  to  Membership  of  the  Institution  in   1920.     He 

1  been  a  Member  of  the  Australasian  Institute  of  Mining  and  Metallurgy' 

nee  1910  and  a  Member  of  Council  from  1917  to  1945,  and  in  1941  was 

awarded  the  Institute  Modal. 

Henry  Ewer  Jones  died  on  14th  December,  1948.  He  was  over  77 
years  of  age.  He  attended  the  Royal  School  of  Mines  from  1887  to  1890, 
jO^adiiating  with  the  A.R.S.M.  in  Mining,  and  in  1891  went  to  South  Africa 
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to  join  Village  Main  Reef  Gk>ld  Mining  Co.,  Ltd.,  as  ossayer  and  under- 
ground manager.  After  throe  years  he  left  to  l>ecome  assistant  engineer 
to  Rhodesia  Exploration  and  Development  Co.,  Lt<l.,  and  was  appointed 
manager  of  their  Ayrshire  mine  in  Mashonaland  in  1899.  From  1901  to 
1912  he  held  the  position  of  chief  engineer  of  the  company  and  of  tlic 
group  of  mines  under  tlieir  control.  So  far  as  is  known,  he  was  not  subse- 
quently engaged  in  professional  work.  Mr.  Jones  was  elected  to  Associate- 
ship  of  the  Institution  in  1897  and  to  Membership  in  1901. 

Reginald  John  Lemmon  dieil  at  Nenagh,  Co.  Tipperary.  on  26t)i 
•lanueuy,  1949,  at  the  age  of  70.  He  was  originally  trained  as  a  pharma- 
ceutical chemist  but  after  some  years  ho  took  a  short  course  in  metallurgy 
at  Birkl)eck  College,  London,  and  in  1911  wont  to  the  Gold  Coast  as  chief 
assayer  to  Fanti  Consolidated  Mines,  Ltd.  In  1912  he  joined  Abboutiakoon 
Mines,  Ltd.,  and  served  in  various  capacities  up  to  reduction  ofliccr  until 
1919,  when  he  was  appointed  to  the  consulting  staff  of  Minerals  Separation, 
Ltd.  After  working  for  this  company  in  the  Gold  Coast  and  Korea  he 
went  to  Brazil  in  1924  as  superintendent  metallurgist  to  South  American 
Gk)ld  Areas,  Ltd.  In  1926-27  he  redesigned  and  oporat^ed  the  Alantana 
reduction  works  in  Bolivia,  and  in  the  following  two  years  was  engaged 
in  a  similar  capacity  in  Turkey,  Russia  and  the  Transvaal.  In  1929  ho 
was  appointed  senior  field  consulting  metallurgist  with  Imperial  Chemical 
Industries,  Ltd.,  and  travelled  in  many  parts  of  the  world  until  his  retire- 
ment in  1940. 

Mr.  Lemmon  then  took  up  war  work,  first  with  the  Ministry  of  Economic- 
Warfare,  then  as  production  manager  of  a  Royal  Ordnance  Factory,  and 
finally  for  three  yeai-s  with  the  Insjiec^torate  of  Fighting  Vehicles.  In 
1946  he  became  reduction  superintendent  to  Marlu  Gold  Mining  Aroaus, 
Ltd.,  and  at  the  time  of  his  death  was  employee!  as  metallurgist  by  the 
Irish  Exploratibn  Co.,  Ltd. 

Among  his  published  articles  is  a  contribution  to  the  Trattdoctions  of  the 
Institution  :  '  The  concentration  of  gold-copper  ores  by  froth  flotation  at 
Tul  Mi  Chung,  the  Seoul  Mining  Company,  Koi-ea  '  (Vol.  .33,  1923-24). 

Mr.  Lemmon  was  olecte<l  to  Studcntshi])  of  tlie  Institution  in  1913,  and 
was  transforitNi  to  Aasoiiatoship  in  1919  and  to  Membership  in  192r>. 

William  John  Smith  died  on  i6th  Doc^^mbor,  194S.  at  the  age  of  50. 
He  began  his  career  with  The  Glyncornn'g  Colliery  Co.,  South  Wales,  from 
1916  to  1919,  gaining  pra<"tical  experience,  and  was  employed  for  a  short 
time  with  the  lmp<»rial  Navigation  Colliery  Co.,  Dufifryu.  before  ser\'ing 
in  various  departments  of  Messrs.  Baldwins,  Ltd.,  of  Swansea,  from  1920 
to  1923.  During  these  early  years  he  studied  privately  and  at  part-time 
lecturers  and  classes  organized  by  the  (Tlamorgan8hii*e  County  Coimcil, 
gaining  an  honours  cortificrato  of  the  City  and  Guilds  of  London  in  mine 
surveying,  the  mine  deput\\s  certificate,  and  the  Home  Oflice  Mine 
Sur\'eyor's  and  Colliery  Manager's  certificates  of  competency.  In  1923 
he  became  chief  surveyor  to  the  TafT  Khondda  Navigation  Collieries,  Ltd., 
at  Nantgan^',  and,  after  four  years,  foreman  and  assistant  to  the  manager 
of  Blaenclydach  colliery  of  the  Cambrian  Const)lidatod  (\)llieri(»s.  Ltd.. 
Llwynypia,  South  Wales.  • 

In  August,  192S,  Mr.  Smith  was  a])point4Hi  chief  siirvovor  <ir  the  mun- 
Kaniferi>us  iron  01*0  mines  of  the  Sinai  Mining  Co.,  Ltd..  at  Om  Bogma. 
Egypt,  and  in  1931  won  promoted  to  the  position  of  general  manager. 
This  he  held  for  fourttH*n  veal's  until  March,  1945,  wlien  h«»  took  up  the 
appointment  of  consulting  mining  engineer  to  (he  Northern  Mercantih^ 
and  Investment  Corporation,  Ltd.,  London. 

Mr.  Smith  was  elected  to  Associateship  of  the  Institution  in  1930  timi 
wns  transferred  to  Membership  in  1942. 

Frederick  Harold  Williams  died  in  Hove  Hospital  on  IStli  .iaimary. 
1949,  at  the  age  of  69.  Ho  was  bom  at  Alexandra.  Ot€igo,  New  Zealand, 
and  was  e<lucate<l  at  Alexandra  Hicrh  School.      Tn  1S97  he  became  a  mining; 


March' i^g 


ADDITIONS   TO   JOINT   LIBBABY 


IX 


cadet  with  Manorbum  Gold  Dredging  Co.  at  Otago,  and  after  three  years 
joined  the  stafif  of  Little  Kiver  Dredging  Co.  and  Gungarline  River  Dredging 
C-o.  in  New  South  Wales.  Australia.  He  went  to  ^uth  America  in  1905 
aa  manager  of  Bio  del  Oro  Gold  Dredging  Co.  in  Tierra  del  Fuego,-  and 
after  four  years  left  to  travel  in  Siunatra  and  Central  Borneo  m  cheo'ge  of 
a  prospecting  expedition  for  the  (General  Exploration  Co.  of  The  Hague 
from  1909  to  1911.  In  September,  1912,  Mr.  Williams  was  appointed 
general  manager  of  Fuego  Gold  Syndicate,  Tierra  del  Fuego,  but  rotumeti 
to  England  in  1915  to  serve  with  comniissioiiod  rank  with  the  Royal 
Engineers  in  France,  and  wa«  nientione<l  in  despatches.  He  was  demobi- 
lized in  19*1 9,  and  retiu^iied  to  South  America  as  assistant  general  manager 
cind,  later,  general  inaneiger  of  Fuego  Development  Co.  He  left  in  1924 
to  go  to  Siberia  as  general  manager  of  Vint  Eastern  Siberian  Goldfields, 
Ltd.,  but  resigneci  after  a  year  and  was  employed  from  1925  to  1928  as 
mining  i-epresentative  iti  Malaya  and  Siam  of  the  Borneo  Co.,  Ltd.,  subse- 
•  {uentl>  becoming  acting  general  manager  of  Tavoy  Tin  Dredging  Cor- 
poration. Ho  returned  to  England  in  1 929  and  was  engaged  on  consulting 
work  for  the  South  Andes  Syndicate  and"  the  Colombia  Syndicate.  In 
1932  he  joined  the  staff  of  the  West  African  Gold  Corporation  and  on  the 
fonnation  in  1937  of  the  Bromang  Gold  Dre<lging  Co.  he  was  appointed 
general  manager,  and  hold  this  position  imtil  his  resignation  ui  1942  on 
(K*<*oiuit  of  ill  health.  His  services  were  retained  in  a  consultative  capacity 
up  to  the  time  of  his  death,  and  during  1946-47  he  was  consultant  to  the 
Ministry  of  Supply  on  the  rehabilitation  of  the  Malayan  tinfields. 

Mr.  Williams  was  elected  to  Associateship  of  tlie  Institution  in  1930  and 
was  transferred  to  Membership  in  1943. 


The  Council  regret  to  report  the  death  of  David  Ginamon,  As&oci€Uet 
f>n  12th  Januarj*,  1949  ;  Robert  Henry  Jeffrey,  Mefnber,  on  31st  Janutuy, 
1949  ;  and  Walter  George  Woolston,  Am<ociate,  on  12th  February,  1949. 
Obituary  notice«  will  be  published  in  a  later  issue  of  the  Bulletin. 
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Geophysics  and  Economic  Geology* 

By  J.  McG.  Bruckshaw,!  Ph.D.,  M.Sc,  D.I.G. 

Introduction 

In  a  recent  Symposium  on  Mining  Geophysics  i})  in  America  it 
was  pointed  out  that  about  100  metallic  minerals  and  100  non- 
metallic  minerals  were  of  commercial  importance.  Although  it 
is  customary  to  divide  geophysical  prospecting  into  four  main 
methods,  each  method  involves  several  techniques.  Thus  the 
subject  under  discussion  is  pne  of  considerable  breadth  and  variety 
and  to  examine  at  length  all  the  different  aspects  is  clearly  imprac- 
ticable. Further,  it  is  impossible  to  formulate  a  set  of  infalhble 
rules  governing  the  application  of  geophysical  processes  to  the 
problems  of  mining  geology.  Indeed,  each  particular  problem  must 
be  examined  in  its  own  environment  to  determine  which,  if  any,  of 
the  field  techniques  is  suited  to  assist  in  its  solution.  Accordingly, 
an  attempt  is  made  to  outline  certain  general  guiding  principles 
controlling  the  use  of  these  field  techniques,  while  considering  the 
limiting  factors  involved. 

It  is  well  known  that  the  main  sphere  in  which  geophysical 
methods  have  been  used  is  that  of  oil  prospecting ;  here  many 
substantial  and  outstanding  successes  have  been  obtained.  Else- 
where these  methods  have  been  used  on  a  much  smaller  scale  and, 
although  much  useful  information  has  been  produced,  spectacular 
results  are  rare.  The  reason  for  this  is  not  far  to  seek.  Funda- 
mentally, the  search  for  oil  is  reduced  to  the  location  of  a  few 
different  types  of  geological  structure,  usually  in  sedimentary 
rocks,  and  although  these  may  be  deep  seated,  they  have,  in 
general,  a  considerable  lateral  extent.  In  mining  problems  the 
geology  is  considerably  more  complex,  involving  rocks  of  all  types, 
and  tho  ratio  of  size  to  depth  of  the  economic  deposit  is  usually 
small.  In  general  it  has  been  possible  to  standardize  in  oil  pros- 
pecting, with  seismic  investigation  for  detailed  studies,  gravity 
measurements  as  a  reconnaissance,  and  magnetic  surveying  as  an 
auxiliary.    The  changing  nature  of  the   problems  of  economic 
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geology,  in  its  wider  sense,  precludes  such  an  approach.  Finally, 
the  cost  involved  in  geophysical  prospecting  for  oil  would  be 
prohibitive  in  any  other  sphere. 

The  Geophysical  Methods 

It  will  be  convenient  to  summarize  the  essential  factors  involved 
in  the  geophysical  prospecting  methods  before  discussing  their 
application.  In  the  first  place  it  is  necessary  to  appreciate  that  a 
geophysical  survey  involves  the  measurement,  usually  at  different 
points  on  the  surface  of  the  earth,  of  certain  physical  quantities. 
The  particular  physical  quantities  so  observed  are  influenced  in 
some  way  by  changes  in  one  physical  property  of  the  rocks  and 
minerals  below  the  surface.  Only  four  such  physical  properties 
have  been  found  to  be  of  general  use  in  prospecting,  and  these  give 
rise  to  the  four  better-known  methods.  The  variation  in  the 
density  of  the  rocks  leads  to  gravitational  methods,  in  the  magnetic 
properties  to  magnetic  methods,  in  the  electrical  conducting 
properties  to  the  electrical  group,  and,  finally,  the  variation  in  the 
speed  of  propagation  of  shock  waves  through  the  rocks,  dependent 
on  the  individual  densities  and  elastic  properties,  to  seismic  methods. 
Seismic  methods  are  not  well  adapted  to  the  type  of  problem 
involved  here,  and  will  not  be  considered  at  any  length. 

The  gravitational  method  of  prospecting  depends  upon  the 
universal  Newtonian  attraction  between  all  matter.  The  force  of 
gravity,  which  is  the  attraction  between  the  earth  and  unit  mass  at 
the  surface,  is  obviously  dependent  on  the  distribution  of  mass 
within  the  earth.  If,  in  particular,  there  exists  in  the  earth's 
crust  near  the  surface  an  excess  mass,  due  to  the  presence  of  a  rock 
or  mineral  of  greater  density  than  the  surroundings,  then  at  the 
surface  the  value  of  gravity  will  be  high.  A  deficiency  of  density, 
on  the  other  hand,  will  give  a  low  value  of  gravity.  The  local 
changes  in  gravity  from  this  cause  are  small,  at  best  a  few  parts  in 
a.  million,  but  nevertheless  they  may  be  examined  by  the  gravity 
meter  or  the  Eotvos  torsion  balance.  The  former  can  be  used 
to  measure  the  disturbed  gravitational  field  directly  by  measure- 
ment of  gravity  differences,  while  the  latter  measures  how  rapidly 
gravity  varies  with  position,  the  measurements  being  shown  on 
maps  by  arrows  pointing  from  regions  of  low  towards  regions  of 
high  gravity  (see  Fig.  6,  p.  14).  The  gravity  distributions,  depicted 
by  the  use  of  these  instruments,  are  directly  related  to  the  size 
and  depth  of  the  disturbing  body  and  to  the  density  difference 
between  it  and  the  surrounding  body.  Before  the  observations 
can  be  used  to  make  deductions  concerning  the  local  geology, 
however,  certain  corrections  have  to  be  applied,  especially  those 
for  elevation  and  topography.  One  limitation  of  the  Eotvos 
torsion  balance  arises  here,  since  the  correction  for  rugged  topo- 
graphy cannot  be  estimated  with  sufl&cient  accuracy.  As  will  be 
shown,  the  direct  measurement  with  the  gravity  meter  does  not 
suffer  so  seriously  from  this  defect. 
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Nearly  all  materials  have  the  property  of  acquiring  temporary 
magnetic  characteristics,  to  a  greater  or  less  extent,  when  placed 
in  a  magnetic  field.  In  addition  to  this  induced  magnetism,  many 
possess  permanent  magnetism.  Most  rocks  exhibit  these  charac- 
teristics which,  when  pronounced,  are  usually  related  to  the 
magnetite  content  of  the  rock.  Bocks,  accordingly,  are  buried 
magnets,  often  with  complex  polarity  arising  from  the  combined 
permanent  and  induced  magnetism.  As  such  they  possess  their 
own  magnetic  field,  which  is  superimposed  on  the  earth's  normal 
field.  In  their  vicinity  then  anomalous  magnetic  fields  exist  and 
these,  if  sufficiently  great,  can  be  observed  at  the  surface  by  a 
variety  of  magnetometers,  including  airborne  instruments.  Once 
again,  there  is  a  direct  relation  between  the  geometry  of  the  body, 
its  magnetic  properties,  and  the  field  observed  at  the  surface. 
Here,  however,  the  magnetism  is  not  a  characteristic  of  the  body, 
for  the  induced  part  depends  on  the  interaction  between  it  and  the 
earth's  field. 

The  electrical  methods  are  more  complex,  and  include  the  study 
of  natural  currents  set  up  in  the  vicinity  of  deposits  undergoing 
active  oxidation  with  the  production  of  electro-chemical  activity, 
the  investigation  of  the  distribution  of  artificial  currents  passed 
conductively  through  the  ground  or  of  currents  induced  in  the 
ground.  Further,  the  distribution  can  be  investigated  by  measure^ 
ments  of  voltages  at  the  surface  or  of  the  magnetic  field  accom- 
panying the  currents.  In  spite  of  this  apparent  multiplicity  of 
methods,  the  principles  involved  are  relatively  simple  and,  apart 
from  the  study  of  the  natural  currents,  all  depend  on  the  electrical 
conductivities  of  the  rocks.  The  artificial  currents  alwiiys  tend  to 
concentrate  in  good-conducting  regions  and  avoid  badly-conducting 
regions.  When  the  method  of  exciting  the  ground  is  fixed,  then 
the  resulting  current  distribution  depends  only  on  the  rock 
resistivities. 

General  Considerations 

A  closer  examination  of  these  methods  demonstrates  that  they 
all  suffer  from  one  serious  disadvantage.  Although  from  a  given 
density  distribution,  from  the  magnetic  properties,  or  from  the 
electrical  resistivities,  it  is  possible  to  predict  (at  least  in  theory) 
the  precise  nature  of  the  field  observed  at  the  surface,  the  reverse 
process  is  far  from  true.  For  every  gravity  anomaly,  magnetic 
anomaly,  etc.,  it  is  possible  to  produce  an  infinite  number  of 
distributions  o'f  the  physical  property  which  are  capable  of  fitting 
exactly  the  observed  values  at  the  surface.  Further,  the  picture 
obtained  is  one  of  differences  of  gravity,  differences  of  magnetic 
property,  or  of  resistivity  ratios.  Except  in  rare  cases  it  is  imposs- 
ible to  identify  a  mineral  or  rock  from  a  knowledge  of  density, 
magnetic  property,  or  electrical  resistivity,  so  there  can  be  no 
hope  of  direct  identification  of  the  rocks  involved  from  data 
supplied  by  the  ambiguous  interpretation  of  a  geophysical  survey. 
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It  is  apparent  that  the  geophysical  data  alone  are  insufficient 
to  allow  the  solution  of  any  particular  problem ;  they  must  be 
supplemented  by  other  evidence,  in  the  form  of  all  the  relevant 
geological  information  available.  Any  solution  which  satisfies 
both  geophysical  and  geological  observations  must  be  regarded  as 
reasonable,  but  even  here  there  may  be  more  than  one.  Frequently, 
on  the  basis  of  such  tentative  solutions,  further  exploratory  work 
may  be  undertaken.  The  additional  evidence  allows  some  solutions 
to  be  discarded,  while  others  may  be  modified  or  adapted  to  fit.  At 
no  stage  can  the  geophysical  work  be  regarded  as  an«  independent 
investigation ;  for  the  best  advantage  to  be  taken  it  must  form 
an  integral  part  of  the  total  survey,  proceeding  in  step  with  other 
methods  of  attack. 

The  identification  of  a  rock  or  mineral  from  geophysical  data  is 
not  possible,  although  a  knowledge  of  the  geology  of  an  area  may 
substantially  reduce  the  possibilities.  In  rare  cases  more  than  one 
method  of  prospecting  can  be  used  to  assist  in  this  problem.  The 
question  of  separating  good-conducting  metal  sulphides  from  other 
conductors,  of  no  economic  importance,  by  using  their  high  density 
was  discussed  before  this  Institution  in  1938.  (*)  Their  electro- 
chemical  activity  is  another  possible  test,  or  a  magnetic  investi- 
gation on  associated  magnetite.  Although  a  combination  of 
methods  is  an  advance,  the  identification  is  not  positive.  Graphitic 
schists  and  shales  may  be  conducting,  but  the  former  may  give 
electrochemical  activity  and  the  latter  may  be  appreciably  magnetic. 

The  questions  set  by  the  mining  engineer  are  :  Where,  how  big,, 
how  deep,  and  what  is  the  quality  of  the  deposit  ?  The  geo- 
physicist,  however,  cannot  give  precise  replies  to  these  questions 
and  no  attempt  can  be  made  to  answer  the  last  of  them  for  reasons 
already  given.  Further,  because  of  the  ambiguity  in  the  inter- 
pretation, the  answers  to  the  others  are  necessarily  vague,  but  may 
become  better  defined  when  allied  to  the  relevant  geological  data. 
Many  minerals  occurring  in  sufficient  concentration  can  be  detected 
because  of  their  intrinsic  physical  properties.  Some  base  metal 
sulphides,  oxides,  and  others  are  of  high  density  in  comparison 
with  the  surrounding  rocks,  a  number  possess  outstanding  elec- 
trical properties,  while  magnetite,  ilmenite,  some  types  of  pyrrho- 
tite,  manganese  ores,  etc.,  have  sufficient  magnetic  influence  to 
allow  direct  detection.  In  other  problems  the  mineral  of  economic 
importance  may  be  in  small  concentration,  or  may  not  possess  any 
outstanding  characteristic  by  which  Hs  presence  may  be  revealed^ 
In  certain  cases,  however,  associated  minerals  may  allow  an 
indirect  attack.  Even  a  small  percentage  of  magnetite  produces  a 
marked  magnetic  effect,  or  the  presence  of  pyrite  may  give 
conducting  properties  or  evidence  of  electrochemical  activity, 
while,  in  the  case  of  certain  disseminated  minerals,  the  gangue 
material  may  be  of  importance. 

Yet  another  approach,  even  more  indirect,  is  by  using  geological 
structures.     It  is  well  known  that  the  deposition  of  many  ore 
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minerals  is  controlled  by  the  geology  of  the  region,  and  hence  a 
delineaiioD  of  the  structure  of  the  region  is  an  essential  step  in 
their  location.  Mineralization  is  frequently  associated  with  faults, 
or  contacts  between  different  formations,  or  may  be  structurally 
related  to  igneous  bodies.  On  the  other  hand,  the  ore  minerals 
may  be  confined  to  one  geological  horizon  which  is  folded  and 
faulted.  In  the  case  of  placer  deposits  the  examination  of  an  older 
buried  topography  is  significant.  This  mode  of  attack,  although 
it  gives  no  specific  information  concerning  the  presence  of  the 
mineral,  only  indicating  the  positions  most  favourable  for  its 
occurrence,  is  possibly  the  most  promising.  Indeed,  it  is  this 
particular  approach  which  has  been  found  most  successful  in  the 
search  for  oil.  It  should  be  noted  here  that,  with  this  procedure, 
the  relevant  geological  data  are  of  paramount  importance. 

These  three  methods  of  attack  do  not  exhaust  all  the  relevant 
geological  conditions  of  ore  occurrence.  Bodies  are  known  whose 
attitudes  bear  little  relation  to  the  local  geological  structure  and, 
if  they  do  not  possess  with  their  associated  minerals  any  note- 
worthy physical  characteristic,  then  they  are  outside  the  scope  of 
the  geophysical  methods  at  the  moment. 

In  assessing  the  possibilities  of  any  proposed  geophysical  survey 
three  main  issues  have  to  be  considered.  The  first  is  magnitude  of 
the  response  from  the  feature  to  be  investigated.  Secondly,  and 
of  equal  importance,  is  the  possibility  of  any  other  body  producing 
an  effect  of  equal  magnitude,  which  might  confuse  the  interpre- 
tation. Finally,  there  is  the  question  of  the  general  background 
against  which  the  observations  must  be  made.  Although,  in  any 
area,  there  may  be  only  one  or  two  major  contrasts  in  any  selected 
physical  property,  there  will  be  many  smaller  ones  which  will 
<^ontribute  to  the  measurements  and  produce  a  varying  back- 
ground. The  magnitude  of  these  usually  erratic  fluctuations 
imposes  a  limit  to  the  magnitude  of  response  which  can  be  detected. 
Any  signal  smaller  than  the  fluctuations  will  be  confused  with  the 
-apparently  random  variations  encountered.  The  background  is 
a  special  case  of  the  second  factor  raised,  for  here  a  large  number  of 
different  contrasts  are  producing  roughly  equal  anomalies  and  there 
is  no  method  of  separating  them  and  assigning  them  to  their 
origin. 

Many  of  the  points  which  have  been  raised  in  this  general 
<ii8CU8sion  are  best  appreciated  in  terms  of  examples,  and  a  number 
of  surveys  has  been  selected  with  this  object  and  described  briefly 
in  what  follows.  In  addition  a  number  of  factors,  peculiar  to  each 
method,  are  discussed. 

The  Magnetic  Methods 

The  magnetic  anomaly  shown  in  Fig.  1  forms  a  good  illustration 
of  the  type  of  procedure  used  in  interpretation.  The  anomaly, 
situated  in  Estonia,  is  shown  by  lines  of  equal  vertical  component 
and  these  take  the  form  of  a  series  of  roughly  elliptical  closed 
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iKfUngly,  the  geophysical  interpretation  results  in  the  depth  of 
npper  pole  and  the  honzontal  length  over  which  it  is  distri- 
ifld.  It  was  found  that  a  line  pole  845  m.  deep  and  960  m. 
1^  with  a  pole  strength  of  4,140  c.g.s.  units  per  cm.,  was  required 
tieproduce  the  observations.  Small  differences  between  the 
owtted  anomaly  and  the  observed  anomaly  along  a  line  perpen- 
Mar  to  the  strike  suggested  that  the  dip  was  about  15^  from  the 
ical,  conforming  with  banding  observed  on  core  specimens. 
lie  length  of  the  pole  is  obviously  related  closely  to  the  strike 
;tJi  of  the  magnetic  bed,  but  as  the  pole  of  a  magnet  is  usually 
iin  the  body  and  not  exactly  at  its  end,  the  depth  is  an  over- 
Daate.  The  width  of  the  body  requires  a  knowledge  of  the 
jnetio  properties  of  the  deposit.  The  bore-hole  specimens  were 
Dd  to  be  permanently  magnetized  and  of  variable  intensity, 
>  based  on  an  average  intensity  a  body  of  width  40  m.  was 
[Hired  to  fit  the  surface  observations.  The  combined  evidence 
ds  to  the  section  shown  in  the  sketch,  with  the  magnetite 
countered  in  the  bore-hole  insufficient  to  account  for  the  anomaly. 
I.  extension  of  the  drill-hole  was  justified  and,  on  samples 
tained  between  264  m.  and  883  m.,  further  measurements  of 
luetic  intensity  were  obtained  and  the  magnetite  content  deter- 
ned.  These  were  sufficient  to  account  for  about  half  of 
J  anomaly.  As  the  bore-hole  would  intersect  the  mid-plane 
the  bed  at  882  m.  this  appears  satisfactory.  The  iron  content, 
fortunately,  was  low,  varying  from  10  to  45  per  cent,  but  there 
s  no  reason  to  believe  that  the  tenor  in  the  rest  of  the  body 
uld  improve  materially. 

This  example  of  a  simple  nature  has  been  discussed  at  some 
gth  to  illustrate  how  the  final  picture  is  built  up  not  by  geo- 
jrsics  alone  but  by  combining  all  the  data,  both  geophysical  and 
)logical.  The  initial  values  of  the  magnetic  field  are  of  little 
mediate  use  except  to  select  a  bore-hole  site.  In  the  case  of  a 
•re  complex  magnetic  field  even  this  would  require  careful 
isideration,  taking  into  account  all  the  known  geology. 
This  magnetic  example  is  outstanding  in  its  magnitude,  but 
y  much  smaller  anomalies  have  been  examined  as,  for  example, 
the  search  for  haematite  in  Cumberland  (*)  just  before  and 
ring  the  early  years  of  the  War,  in  which  maximum  anomahes 
20  to  60  gammas  were  contemplated.  With  small  anomalies  of 
8  size,  the  background  field  may  be  of  great  importance,  since 
ler  causes,  mainly  geological  in  origin,  may  mask  the  influence 
the  orebody  or  the  feature  sought.  Thus,  a  basic  igneous  rock 
>h  an  irregular  upper  surface  covered  by  a  variable  thickness  of, 
%  drift  might  well  lead  to  an  erratic  magnetic  field.  A  second 
ise  is  due  to  the  permanent  magnetism  of  some  igneous  rocks, 
ich,  for  some  unknown  reason,  may  change  its  direction  in  a 
st  erratic  manner.  The  surface  of  such  a  rock  will  show  an 
parently  irregular  distribution  of  poles,  each  producing  its  own 
al  anomaly,  and  the  aggregate  may  mask  any  feature  below. 
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curvea.  The  magnitude  of  the  anomaly  JB  great,  changing  by 
19,400  gammas  from  the  normal  field  (47,300  ejammas)  to  the 
maximum,  and  covers  in  all  an  area  of  several  square  kilometres. 
The  presence  of  intensely  magnetized  rocks  cannot  be  disputed 
and  this  is  one  of  the  rare  cases  where  the  cause  can  bo  assigned  to 
magnetite  as  the  only  natural  mineral  occurring  in  sufficient 
concentrations  to  yield  a  disturbance  of  this  magnitudo.  Further 
progress  in  the  useful  interpretation  ia  impossible  without  geological 
data,  since  there  are  many  distributions  which  would  yield  this 
particular  anomaly. 

This  information  was  provided  by  a  drill-liolc  to  a  depth  of 
264  m.  situated  about  10  m.  to  the  north  of  the  position  of  the 
maximum  anomaly.  Xo  a  depth  of  2S8  m.  this  passed  through 
Silurian  limestones,  Cambrian  sandstones,  and  clays  ;  followed  by 
a  bard  skam  rock,  which,  20  m.  deeper,  showed  about  30  per  cent 
of  iron  as  magnetite.    A  detailed  examination  revealed  tins  to  be 
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Fio.  1.— A  magnetic  anomaly  and  its  int«rprotiitioii. 
a    higbly-metamorphoBed    chemical    sediment    intcrbedded    with 
leptites,    the    recrystallization    having    occurred    at    considerable 
depth  owing  to  regional  metamorphiam.    Further,  the  stratification 
appeared  to  be  an  original  characteristic. 

On  this  basis  it  appeared  reasonable  to  assume  that  the  magnetite 
formation  took  the  form  of  a  dipping  sheet  of  finite  strike  length. 
If  this  is  correct  then  the  strike  direction  is  given  by  the  major 
axis  of  the  iso-anoraaly  curvea — i.e.,  NNE,-S8W, — and  it  appears 
to  be  steeply  dipping.  Further,  the  field  changes  more  rapidly 
towards  the  NNW.,  which  is  the  probable  direction  of  dip.  Ai 
the  geophysical  survey  does  not  show  any  negative  anomaly  the- 
lower  magnetic  pole  of  the  sheet  appears  to  be  at  a  great  depth. 
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Accordingly,  the  geophysical  interpretation  results  in  the  depth  of 
the  upper  pole  find  the  horizontal  length  over  which  it  is  distri- 
buted. It  wa9  found  that  a  line  pole  845  m.  deep  and  960  m. 
long,  with  a  pole  strength  of  4,140  c.g.s.  units  per  cm.,  was  required 
to  reproduce  the  observations.  Small  differences  between  the 
calculated  anomaly  and  the  observed  anomaly  along  a  line  perpen- 
dicular to  the  strike  suggested  that  the  dip  was  about  15°  from  the 
vertical,  conforming  with  banding  observed  on  core  specimens. 

The  length  of  the  pole  is  obviously  related  closely  to  the  strike 
length  of  the  magnetic  bed,  but  as  the  pole  of  a  magnet  is  usually 
within  the  body  and  not  exactly  at  its  end,  the  depth  is  an  over- 
estimate. The  width  of  the  body  requires  a  knowledge  of  the 
magnetic  properties  of  the  deposit.  The  bore-hole  specimens  were 
found  to  be  permanently  magnetized  and  of  variable  intensity, 
but  based  on  an  average  intensity  a  body  of  width  40  m.  was 
required  to  fit  the  surface  observations.  The  combined  evidence 
leads  to  the  section  shown  in  the  sketch,  with  the  magnetite 
encountered  in  the  bore-hole  insufficient  to  account  for  the  anomaly. 
An  extension  of  the  drill-hole  was  justified  and,  on  samples 
obtained  between  264  m.  and  883  m.,  further  measurements  of 
ma^etic  intensity  were  obtained  and  the  magnetite  content  deter- 
inined.  These  were  sufficient  to  account  for  about  half  of 
the  anomaly.  As  the  bore-hole  would  intersect  the  mid-plane 
of  the  bed  at  882  m.  this  appears  satisfactory.  The  iron  content, 
unfortunately,  was  low,  varying  from  10  to  45  per  cent,  but  there 
was  no  reason  to  beheve  that  the  tenor  in  the  rest  of  the  body 
would  improve  materially. 

This  example  of  a  simple  nature  has  been  discussed  at  some 
length  to  illustrate  how  the  final  picture  is  built  up  not  by  geo- 
physics alone  but  by  combining  all  the  data,  both  geophysical  and 
geological.  The  initial  values  of  the  magnetic  field  are  of  little 
immediate  use  except  to  select  a  bore-hole  site.  In  the  case  of  a 
more  complex  magnetic  field  even  this  would  require  careful 
consideration,  taking  into  account  all  the  known  geology. 

This  magnetic  example  is  outstanding  in  its  magnitude,  but 
very  much  smaller  anomalies  have  been  examined  as,  for  example, 
in  the  search  for  haematite  in  Cumberland  (*)  just  before  and 
during  the  early  years  of  the  War,  in  which  maximum  anomahes 
of  20  to  60  gammas  were  contemplated.  With  small  anomalies  of 
this  size,  the  background  field  may  be  of  great  importance,  since 
other  causes,  mainly  geological  in  origin,  may  mask  the  influence 
of  the  orebody  or  the  feature  sought.  Thus,  a  basic  igneous  rock 
with  an  irregular  upper  surface  covered  by  a  variable  thickness  of, 
say,  drift  might  well  lead  to  an  erratic  magnetic  field.  A  second 
cause  is  due  to  the  permanent  magnetism  of  some  igneous  rocks, 
which,  for  some  unknown  reason,  may  change  its  direction  in  a 
most  erratic  manner.  The  surface  of  such  a  rock  will  show  an 
apparently  irregular  distribution  of  poles,  each  producing  its  own 
local  anomaly,  and  the  aggregate  may  mask  any  feature  below. 
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In  general  it  is  theoretically  possible  to  locate  and  traoe  basalt- 
filled  deep  leads  below  a  flow,  but  irregular  magnetization  on  a 
suitable  scale  would  render  the  observed  field  too  confuBod  to  be 
interpreted  satisfactorily.  Measurements  on  orientated  epecimens 
may  reveal  the  possibility  of  such  effects,  but,  unless  they  are 
collected  systematically  at  the  surface  and  in  depth,  their  influence 
is  difficult  to  estimate.  Many  cases  of  altered  permanent  mag- 
netization are  due  to  lightning,  but  these  give  a  purely  local 
influence  which  may  be  removed  from  the  general  picture.  Accord- 
ingly, although  the  existence  of  such  conditions  may  be  suspected, 
it  is  difficult  to  forecast  their  importance,  which  can  only  be 
revealed  by  preliminary  observations  on  the  site.  In  simple  cases 
a  great  diversity  in  magnetic  intensity  and  direction  is  not  a 
barrier  to  magnetic  prospecting  for,  in  tracing  a  magnetic  body  in 
non-magnetic  rocks,  any  anomalous  observations  would  be  indi- 
cative  of   its   presence.     The   magnetic   profiles  in  Pig.   2,   one 


Fio.  2. — A  comparison  of  the  shapes  of  the  calculated  mckgnetic  profile 
across  a  dyke  (continuous  curve)  and  the  measured  profile  (broken  curve). 

estimated  for  a  known  dyke  and  the  other  the  observed  values 
over  it,  illustrate  this  point. 

The  number  of  common  minerals  having  any  significant  magnetic 
properties  is  small,  but  in  sufficient  concentration  they  can  be 
located  directly  if  the  ratio  of  size  to  depth  of  deposit  is  satis- 
factory. Frequently,  the  association  of  magnetite  or  pyrrhotite 
with  the  ore  may  permit  a  direct  examination  of  the  body  as  in 
the  case  of  the  Sudbury  nickel  deposits.  (*)  More  generally, 
however,  the  method  is  best  suited  to  the  examination  of  igneous 
rocks  and  their  contacts  with  non-magnetic  rocks,  a  problem  of 
considerable  importance  in  many  mineral  deposits.  Here  the 
approach  is  very  indirect  and  leads  to  a  better  appreciation  of  the 
local  geology. 

As  an  example  of  the  indirect  use  of  the  magnetic  method,  its 
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application  to  the  estimation  of  the  position  of  the  Main  Beef  in 
the  Witwatersrand  area  may  be  cited.  The  reef  itself  has  no 
magnetic  properties,  and  its  approximate  position  is  obtained  by 
locating^  a  magnetic  shale  whose  attitude  is  conformable  with  it 
(Fig.  8).  The  origin  of  this  method  of  approach  is  due  to  Krahmann, 
who  demonstrated  the  feasibility  of  tracing  the  shale  through  a 
considerable  thickness  of  younger  sediments  resting  unconformably 
on  the  Witwatersrand  Series.  From  a  knowledge  of  the  sub- 
outcrop  of  the  marker  bed,  and  its  dip  as  determined  from  the 
magnetic  profile  at  the  surface,  the  position  of  the  reef  was  inferred. 
This  method  has  been  discussed  at  length  by  Weiss  (*),  with  special 
reference  to  the  errors  arising  in  it.  The  zone  of  magnetic  shales 
is  thick  and  the  magnetite  content,  both  across  and  along  its 
strike,  by  no  means  uniform.  The  variable  magnetization  leads 
to  errors  in  its  estimated  dip  and  in  its  precise  location,  and  the 
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Fio.  3. — SkeU'h  illustrating  the  indirect  method  of  locating  the  Main  Reef. 

picture  may  be  confused  by  any  erosional  feature  at  the  top  of  the 
Witwatersrand  Series  which  will  displace  the  sub-outcrop.  It  is 
obvious  that  the  importance  of  these  errors  must  be  assessed  in  the 
interpretation.  It  is  now  a  matter  of  history  that,  in  spite  of  these 
difficulties,  very  valuable  information  was  obtained  by  work  of 
this  nature. 

Summarizing,  the  magnetic  method  is  mainly  indirect  in  its 
application.  As  far  as  depth  of  investigation  is  concerned  this  is 
entirely  a  question  of  ratio  of  size  to  depth,  together  with  the 
<iiflference  in  the  magnetic  properties.  Basement  uplifts  at  depths 
of  two  miles  have  been  detected  and  examined  by  the  method. 

It  should  be  noted  that  the  interpretation  of  magnetic  anomalies 
is  more  difficult  than  that  of  gravity  anomalies,  to  which  they 
may  be  related.  A  gravity  anomaly  is  a  characteristic  of  the 
buried  feature,  but,  as  already  noted,  the  magnetic  anomaly 
-depends  irpon  the  interaction  of  the  body  and  the  earth's  mag- 
netizing field.  As  a  simple  example,  a  vertical  dyke  at  the  earth's 
magnetic  north  pole  would  give  a  simple  symmetrical  peak  if 
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magnetized  by  induction  only.  The  same  dyke  runniiig  E.-W. 
at  the  magnetic  equator  would  yield  a  positive  anomaly  to  the 
south  and  a  negative  anomaly  to  the  north,  while  with  a  N.~S. 
strike  it  would  give  no  anomaly  whatsoever.  Superimposed  on 
these  features  would  be  the  influence  of  any  permanent  magnetism, 
which  sometimes  dominates  the  picture,  changing  eptirely  the 
characteristics  of  the  observed  field  (Fig.  8). 

Magnetic  surveying  is  one  of  the  simplest  and  quickest  methods 
of  geophysical  prospecting.  The  instruments  are  cheap  and  skill 
in  their  manipulation  is  readily  acquired.  Without  the  necessary 
experience,  however,  the  interpretation  may  not  prove  satis- 
factory. Over  small  areas  the  older  form  of  vertical  or  horizontal 
variometer  is  adequate,  but  for  extensive  reconnaissance  surveys 
the  airborne  magnetometer  is  incomparably  quicker  and,  ultimately, 
cheaper  if  the  area  involved  is  large  enough.  Another  advantage 
of  air  surveying  is  that  the  background  irregularities,  usually  due 
to  very  near  surface  features,  are  reduced.  If  the  feature  sought 
is  below  these  irregularities  its  anomaly,  although  also  reduced  in 
magnitude,  bears  a  greater  ratio  to  the  background  noise  and  is 
more  readily  appreciated.  In  addition,  field  measurements  at 
two  different  levels  may  assist  the  interpretation,  particularly  in 
relation  to  depth  estimates. 

Gravity  Measurements 

When  gravity  prospecting  was  first  introduced,  some  attempt«^ 
were  made  to  utilize  the  method  in  other  spheres  than  the  search 
for  oil.  In  general,  however,  it  was  not  found  very  satisfactory^ 
since  the  Eotvos  torsion  balance,  at  that  time  the  only  sufficiently 
sensitive  instrument,  was  slow  in  operation  and  very  sensitive  to 
the  topography  of  the  area.  As  a  result  the  effects  of  the  hidden 
geology  were  masked  completely  by  the  irregular  background 
produced  by  surface  level  differences  and  it  was  impossible  to 
compute  their  influence  with  sufficient  accuracy.  Tins  type  of 
instrument  is,  for  most  practical  purposes,  gbsolete  and  haus  been 
replaced  by  the  gravity  meter,  which  examines  the  anomaly  in  a 
more  direct  manner  than  the  torsion  balance.  As  these  instru- 
ments measure  gravity  differences  in  place  of  the  rate  of  increase  of 
gravity,  they  are  very  much  less  susceptible  to  the  nearby  surface 
irregularities,  and  modern  instruments  only  require  a  few  minutea 
at  any  station  to  make  the  necessary  measurement.  The  latest 
instruments  also  have  a  sufficiently  high  sensitivity  to  detect 
anomalies  which  are  of  interest  to  the  mining  geologist,  and  so  the^ 
gravitational  method  of  prospecting  has  changed  from  an  inter* 
esting,  but  generally  impracticable,  tool  to  one  of  potential 
importance. 

Gravity  anomalies  have  one  advantage  over  other  types  of 
anomalies  because  they  are  more  directly  related  to  the  mass  of 
the  orebody.  It  is  not,  however,  related  to  the  total  mass,  but 
only  the  excess  mass — i.e.,  the  volume  of  the  body  multipUed  by 
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the  ezoees  (or  deficiency)  of  density.  The  best  of  modem  instru- 
ments can  just  detect  0-02  mUligdl*  change  in  gravity,  and  hence 
an  anomaly  of  0-1  miUigal  represents  about  the  limit  which  can  be 
investigated.    On  the  basis  of  this  the  two  graphs  in  Fig.  4  show 
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Fio.  4. — Graphs  showing  the  excess  mass  at  different  depths  required 
to  produce  an  anomaly  of  0*  1  tnilligal. 

the  excess  mass  which  can  just  he  examined  at  different  depths. 
The  gravity  anomaly  is,  however,  not  only  dependent  upon  the 
mass,  but  also  upon  its  distribution,  so  that  the  values  given  can 
only  be  taken  as  a  general  guide.  In  one  case  the  figures  refer  to 
a  body  in  which  the  dimensions  are  nearly  equal,  when  the  maximum 
anomaly  is  obtained  for  a  given  mass,  and  the  second  refers  to  a 
body  with  a  long  strike  length  in  comparison  with  its  cross- 
sectional  dimensions  and  depth. 

One  of  the  first  direct  gravity  meter  surveys  for  ore  was  carried 
out  during  1941  in  the  search  for  chromite  in  Cuba.  (*)  The 
chromite,  of  density  4,  contrasts  well  with  the  associated  serpentine 
(density  2*5)  and  even  disseminated  chromite  left  by  weathering 
of  the  serpentine  gave  a  density  difference  of  0*9.  There  were, 
however,  other  significant  density  contrasts  between  the  basic 
igneous  rocks,  their  weathered  products,  and  the  surface  soils. 

*A  change  of  a  mUligal  in  gravity  is  equivalent  to  a  change  of  0*001 
cm. /sec.*  in  the  total  value  of  alK>ut  981  cm. /sec.*. 
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Thfi  gravity  observations  were  made  to  the  nearest  0-01  miUigal  at 
ictervala  of  20  m.,  and  the  necessary  surveying  of  topographical 
detail  was  carried  out  with  great  care.  Every  preoaution  was 
taken  to  obtain  the  highest  accuracy. 

Initial  tests  over  a  known  orebody  were  encouragiiig' and  gave 
an  unmistakable  anomaly  with  a  maximum  of  0'36  miUigal.  Part 
of  the  results  of  the  extended  survey  are  depicted  in  Fig.  5,  which 


shows  the  residual  gravity  values  after  all  corrections,  including 
the  removal  of  a  large  regional  gradient,  had  been  made.  In 
addition  to  some  negative  anomahes  and  a  number  of  small  positive 
ones,  the  plan  reveals  two  with  maxima  of  0-07  and  0-08  miUigal, 
respectively,  and  of  reasonable  lateral  extent.  Subsequent  drilling 
proved  that  these  were  associated  with  the  same  chromite  deposit 
having  a  thin  section  joining  the  major  parts,  which  exist  imme- 
diately below  these  anomalies.  Other  anomalies,  larger  in  areal 
extent  and  gravity  value,  were  also  located,  but  they  proved  to  be 
due  to  other  density  contrasts.  One,  for  example,  proved  to  be  8 
compact  anorthosite  encountered  at  a  depth  of  6  ft.  and  another 
was  due  to  gabbro.  A  small  exposure  of  gabbro  occurred  in  the 
area  of  the  latter  anomaly  and  suggested  its  cause.  The  gravity 
meter  is  thus  capable  of  detecting  shallow  bodies  of  this  nature, 
but  is  incapable  of  distinguishing  them  from  anomalies  produced 
by  other  unwanted  bodies.  Nevertheless,  there  is  no  point  in 
shallow  drilling  in  regions  where  high  gravity  values  do  not  occur. 
More  recently  a  paper  by  Romberg,  Mathis  and  Barnes  was  read 
before  the  18th  International  Geological  Congress,  held  in  1948 ; 
it  described  a  similar  survey  in  the  search  for  zinc-lead  deposits  in 
the   PinoB   Altos  mining   district  of   New  Mexico.    The  survey 
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involved  orebodies  of  the  replacement  type  in  limestone,  the 
densities  of  the  rocks  averaging  about  2*7  against  the  3-8  of  the 
ore.  One  feature  of  this  area  is  the  ruggedness  of  the  topography 
with  average  slopes  of  20°.  The  gravity  survey  revealed  three 
positive  anomahes,  after  suitable  reduction  of  the  measurements. 
One  of  these  was  disregarded,  as  it  bore  a  close  resemblance  to  the 
topography  and  was  probably  due  to  local  errors  in  the  correction 
for  elevation.  Drilling  on  the  second  anomaly  did  not  encounter 
any  mineralization,  but  this  was  considered  inconclusive,  as  the 
holes  were  not  correctly  sited.  On  the  third  gravity  high,  of  two 
inclined  holes,  one  encountered  10  ft.  of  ore  followed  by  mineralized 
limestone  and  the  other  a  greater  thickness  of  ore.  This  survey  ia 
of  considerable  importance,  since  it  demonstrates  that  even  under 
conditions  of  rugged  topography  successful  gravity  surveys  are 
possible  with  quite  small  gravity  anomalies. 

The  torsion  balance  survey  made  in  the  Orange  Free  State  C} 
will  serve  as  an  illustration  of  the  indirect  approach.  In  this  area,, 
the  Witwatersrand  quartzites  and  conglomerates  lie  below  the 
Ventersdorp  System,  which  in  turn  is  covered  by  Karoo  sediments. 
Drill-holes  had  revealed  thicknesses  of  5,000-7,000  ft.  of  the 
Ventersdorp  beds,  with  correspondingly  great  depths  of  the  reefs. 
The  problem  was  reduced  to  the  discovery  of  areas  in  which  the 
last-named  beds  would  be  nearer  the  surface,  a  condition  which 
involved  a  thinning  of  the  Ventersdorp  System.  In  this  sequence 
the  basic  lavas  have  an  appreciably  greater  density  than  the  others, 
and  also  of  the  quartzites.  Further  tests  had  shown  that  high 
gravity  values  existed  when  the  lavas  were  thick  and  the  reefs 
correspondingly  deep.  It  appeared  reasonable  to  search  for 
regions  of  low  gravity  value,  where  the  lavas  might  well  be  thin 
and  the  quartzites  at  a  shallower  depth.  The  conditions  have 
been  dehberately  simplified  for  the  sake  of  brevity,  for  other 
density  contrasts  exist — in  particular  between  the  Witwatersrand 
quartzites  and  shales.  It  was  possible  to  distinguish  this  last 
contrast,  however,  by  its  magnetic  influence. 

An  example  of  the  type  of  result  obtained  is  shown  in  Fig.  6, 
in  which  a  well-defined  trough  is  revealed  by  the  lines  of  equal 
gravity  (broken  curves)  and  the  gradient  vectors  pointing  to  the 
regions  of  high  gravity.  A  bore-hole,  sited  on  the  basis  of  this 
gravity  anomaly,  entered  Upper  Witwatersrand  quartzites  at  a 
depth  of  991  ft.' 

It  is  worth  noting  that  the  surface  topography  in  this  case 
favoured  a  torsion  balance  survey.  A  modern  gravity  meter  would 
have  revealed  the  structure  of  the  low  gravity  region  with  possibly 
better  accuracy  than  the  torsion  balance  and  at  a  far  greater  speed. 
It  was  found,  however,  that,  in  the  analysis  of  the  results,  the 
*  Horizontal  Directing  Tendency ',  which  is  measured  by  the 
torsion  balance  but  not  revealed  by  the  gravity  meter,  was  also  of 
value  in  the  interpretation. 

Essentially  the  gravitational  method  requires  a  density  contrast 
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than  the  perfect  insulator.  This  is  not  always  true  and,  by  apply- 
ing the  current  in  the  most  appropriate  manner,  the  measurementa 
can,  as  a  rule,  be  made  to  reveal  either  type  to  the  best  advantage. 
In  general,  the  current  flowing  parallel  to  the  strike  of  a  good 
conductor  gives  conditions  most  suited  to  its  detection,  whereas 
for  a  high  resistivity  feature  the  current  perpendicular  to  the 
strike  is  best. 

This  diagram  reveals  many  of  the  advantages  and  disadvantages 
of  the  surface  potential  methods.     Quite  small  resistivity  ratioa 
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Fio.  7. — ^The  effect  of  the  resistivity  ratio  on  the  distortion  of  an  electric 
field. 

give  appreciable  disturbances,  when  compared  with  the  maximum 
possible  effect,  and  hence  very  large  ratios  are  not  necessary.  A 
second  point  is  that  there  is  only  a  small  percentage  change  in  the 
magnitude  of  the  anomaly  (actually  5  per  cent  for  a  good  conductor 
in  the  case  shown)  as  the  ratio  decreases  from  ^  down  to  zero. 
Now  the  range  of  rock  resistivities  is  large,  from  a  few  ohm.cm. 
for  a  massive  galena  up  to  1,000,000  ohm.cm.  for  certain  orystaUine 
rocks,  but  there  is  no  corresponding  change  in  magnitude  of  the 
anomaly.  The  significance  of  this  is  best  illustrated  by  an  example. 
In  a  massive  limestone  of  resistivity,  say  100,000  ohm.cm.,  there  i& 
little  change  in  the  magnitude  of  the  anomaly  if  the  body  resistivity 
lies  between  8,000  and  0  ohm.cm.  In  this  range  will  lie  the  values 
of  good  conducting  metal  sulphides,  but  in  addition  bands  of  clay, 
graphitic  schists,  etc.,  may  fall  within  it.  They  are  detected  with 
equal  ease  and  no  adaptation  of  this  system  will  distinguish  them. 
Under  suitable  conditions,  other  geophysical  methods  may  assist 
here,  since  gravity  observations  may  select  the  dense  deposits,, 
spontaneous  polarization  may  reveal  oxidizing  sulphides,  or 
associated  magnetite  may  permit  a  magnetic  distinction. 

The  factors  controlling  rock  resistivities  are  water  content  and 
its  salinity.  The  water  content  may  vary  rapidly,  particularly 
above  the  water  table,  where  its  retention  against  gravity  depends 
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oo  grain  size,  etc.  Thus,  in  the  surface  layers,  resistivity  changes 
are  likely  and  they  will  give  an  irregular  background  masking  the 
influence  of  deeper  contrasts.  Here  the  large  resistivity  range  is 
a  disadvantage,  since  it  increases  the  chances  of  such  contrasts. 
The  diagram  also  reveals,  in  a  general  way,  the  influence  of  a 
surface  layer  of  either  high  or  low  resistivity.  A  surface  layer 
covering  a  fault,  with  the  resistivities  in  the  ratio  1  :  10  :  100, 
gives  a  ratio  change  from  A^  to  ^hj^  ^^  ^^^  ^^^^^  ^^  crossed,  whether 
the  surface  layer  has  the  highest  or  the  lowest  resistivity.  Accord- 
ingly, only  a  small  percentage  change  in  the  measurement  can  be 
anticipated  as  the  fault  is  crossed.  With  the  good  conducting 
"surface  layer  the  current  remains  in  it,  no  matter  what  the  lower 
resistivity,  and,  Nvith  a  high  resistivity  surface  layer,  the  current 
is  dragged  down  into  the  better  conductors,  that  left  to  influence 
the  surface  measurement  being  practically  independent  of  the 
lower  resistivity.  By  suitable  steps  the  importance  of  these 
t-onditions  can  be  reduced,  but  the  effect  cannot  be  eliminated 
entirely. 

The  inti^rpretation  of  electrical  surveys  involves  a  knowledge  of 
the  way  in  which  a  current  flows  through,  and  distributes  itself  in, 
the  ground,  and  how  this  flow  responds  to  modifications  in  the 
resistivity  distribution.  This  subject  is  complex  and  a  detailed 
iriathematical  analysis  is  impossible,  except  in  simple  cases, 
although  the  g(»neral  principles  are  well  known.  The  calculation 
of  the  magnitude  of  the  effects  in  any  particular  case  is  difficult 
and  often  impossible,  although  model  experiments  may  be  used 
for  this  purpose  when  the  experimental  conditions  are  more  ideal 
than  those  encountered  in  practice.  Quantitative  interpretations 
are  accordingly  rare  and  the  numerical  checking  of  an  interpretation 
difficult.  The  practice,  where  possible,  of  making  observations 
over  known  conditions,  similar  to  those  anticipated  in  the  extended 
survey,  is  the  most  satisfactory  method  of  establishing  a  basis  for 
interpretation. 

The  major  defects  of  the  electrical  methods  can  bt^  summarized 
as  a  lack  of  discrimination,  a  limited  depth  of  penetration,  and  a 
susceptibihty  to  near-surface  features  which  give  an  irregular 
background.  This  last  condition  is  by  no  means  universal,  and 
many  interesting  and  useful  surveys  have  been  made.  It  is 
unfortunate,  however,  that  although  some  judgement  can  be  made 
on  the  feasibility  of  any  particular  problem,  it  is  often  difficult  to 
forecast  the  magnitude  of  the  background.  A  preliminary  survey 
gives  the  only  definite  answer. 

The  electrical  methods  can  be  used  with  advantage  in  a  large 
n  amber  of  different  problems.  In  structural  studies  it  has  been 
used  to  trace  faults  and  dykes,  to  determine  depths  of  contacts 
between  rocks  and  (an  extension  of  the  last)  to  the  determination 
of  the  attitude  of  a  contact — i.e.,  its  dip  and  strike.  In  a  sequence 
of  rocks,  a  bed  of  outstanding  electrical  property  can  frequently  be 
traced  and  used  to  detect  shallow  anticlines,  faults,  etc.     The 
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determination  of  sub-surface  topography  has  been  successfully 
accomplished.    These  are  examples  of  the  indirect  use. 

A  simple  direct  problem  has  been  discussed  by  de  Magnee  at  the 
18th  Liternational  Geological  Congress,  where  it  took  the  form  of  a 
pipe  of  diamond-bearing  kimberlite  in  Precambrian  limestoiles  but 
hidden  by  a  thick  layer  of  sands.  The  yellow  ground  proved  to 
be  a  much  better  conductor  than  the  limestone,  but,  in  addition 
to  the  resistivity  magnitudes,  the  valuer  over  the  limestone  were 
erratic,  owing  to  irregular  changes  in  its  depth,  while  the  kimberlite 
gave  much  smoother  values. 

In  these  cases  the  irregularities  in  the  background,  although 
substantial,  did  not  prove  a  barrier  to  the  use  of  the  method, 
because  of  the  very  large  change  produced  b}'  the  near  surface 
features.  In  fact,  the  change  in  nature  of  the  background  can  be 
of  diagnostic  value.  If,  however,  the  observations  with  position 
vary  as  in  curve  B,  Fig.  8,  with  rapid  changes  by  a  factor  or  twx> 
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Fio.  8. — Resistivity  measurements  along  lines  showing  (A)  s  suitable 
background  and  (B)  an  unsatisfactory  background  for  the  detection  of 
small  effects. 

in  very  short  distances,  it  is  obvious  that  quite  large  effects  from 
a  wanted  body  would  pass  unnoticed.  On  the  other  hand,  quite 
a  small  effect  would  be  detected  on  A  in  spite  of  the  fact  that  it 
is  varying,  because  it  does  so  smoothly.  The  former  values  were 
obtained  in  an  area  of  sands,  clays,  and  gravels  with  an  irregular 
distribution,  the  other  over  chalk  with  a  gradually  changing  thick- 
ness of  soil.  To  some  extent  these  factors  can  be  taken  into 
account  by  observations  with  different  current  penetration,  but 
ultimately  such  lateral  changes  hmit  the  application  of  the  elec- 
trical methods,  particularly  to  deeper  seated  disturbances. 

General 

The  electrical  methods  have  been  discussed  mainly  in  relation 
to  the  surface  potential  methods,  but  similar  considerations  apply 
to  those  methods  which  measure  the  magnetic  field  to  determine 
the  current  distribution.  In  the  present  form  of  the  geophysical 
methods  there  appears  little  advantage  in  increasing  the  accuracy 
of  the  measuring  equipment.  In  general  such  a  step  would  be  to 
increase  the  accuracy  with  which  both  signal  and  background  is 
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known  without  permitting  any  better  discrimination,  and  all 
methods — gravity,  magnetic  and  electrical — have  developed  to  the 
state  when  the  general  background  is  recorded.  The  electrical 
inductive  methods,  however,  have  not  been  exploited  to  the  limit, 
and  it  may  be  that  greater  precision  here,  leading  to  a  slower  field 
survey  because  of  the  increased  accuracy,  might  give  some  advance. 
Again  efiforts  have  been  made  to  utilize  natural  earth  currents,  the 
so-called  telluric  currents,  for  the  investigation  of  regional  geology. 
These  currents,  distinct  from  those  produced  by  electro-chemical 
activity,  are  more  uniformly  distributed  than  artificial  currents  and 
should  give  an  increase  in  the  ratio  of  signal  to  background.  At 
the  moment  such  investigations  are  on  a  large  scale  and  technical 
difficulties  arise  in  their  application  to  small-scale  problems,  in 
particular  the  small  voltages  to  be  measured. 

Of  the  other  methods,  the  radioactive  method  has  been  found 
of  use  as  an  aid  to  geological  mapping  through  a  surface  cover,  as 
long  as  this  is  not  too  thick.  Its  use,  however,  is  very  limited. 
Again,  efforts  have  been  made  to  adapt  a  seismic  technique  to  the 
problems  of  mining  geology  and  with  costs  suited  to  this  aspect. 
There  is  also  the  technique  of  making, observations  in  bore-holes, 
thereby,  to  some  extent,  enlarging  the  effective  region  examined. 
Another  potential  field  consists  of  observations  within  mines,  a 
field  in  which,  at  present,  there  is  but  limited  experience.  Of 
necessity,  such  observations  are  restricted  to  a  set  of  lines  within 
the  mine  workings,  but  under  suitable  conditions  valuable 
information  may  be  obtained. 

So  far,  the  question  of  cost  has  not  been  touched.  It  is  difficult 
to  make  any  reliable  estimate  since  it  depends  on  so  many  factors. 
The  usual  magnetometers  or  electrical  equipment  cost  a  few 
hundred  pounds,  but  the  price  of  a  gravity  meter  is  two  to  three 
thousand  pounds.  Although,  with  any  of  these  instruments,  the 
time  taken  at  any  station  is  small,  the  surface  topography  and 
vegetation  intiuence  not  only  the  ease  of  transport  of  equipment 
from  one  station  to  the  next,  but  also  the  cost  of  surveying  in  the 
stations.  In  an  electrical  survey  such  conditions  will  impede  the 
manipulation  of  the  long  cables  leading  to  the  ground  contacts. 
The  ease  of  actually  making  ground  contact  nmst  be  considered. 
Again  the  rate  of  covering  the  ground  depends  to  a  great  extent 
on  the  nature  of  the  problem,  for  this  controls  the  interval  between 
observations.  In  open  country  some  20  to  30  magnetic  stations  at 
close  intervals  (25-50  ft.)  can  be  made  per  hour  by  a  skilled  man, 
or  a  mile  of  traverse  can  be  laid  out  and  measured  by  the  resistivity 
method  in  a  day,  but  adverse  conditions  may  reduce  this  by  a 
factor  of  three  or  four. 

It  is  unfortunate  that,  in  a  paper  of  this  nature,  a  large  part 
must  of  necessity  be  devoted  to  the  limitations  of  the  methods.  As 
a  result  the  picture  i^s  distorted  from  its  true  perspective  and  is 
painted  in  sombre  tones.  Nevertheless,  these  disadvantages  must 
be  fully  appreciated  in  order  to  take  the  best  advantage  of  the 
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available  techniques  and  to  prevent  wasted  effort.  The  author  is 
convinced  that  the  various  methods  in  their  present  form  are 
capable,  in  the  right  environment,  of  making  an  important  contri- 
bution to  solving  the  existing  prospecting  problems,  and  there 
is  no  reason  to  doubt  that  future  advances  will  extend  their  useful- 
ness to  a  wider  range  of  problems. 
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An  Improved  Type  of  Konimeter'*' 

By  J.  P.  Eees,  Associate,  and  S.  E.  Eabson 

1'iiE  konimeter  is  a  dust-sampling  instrument  which  is  (extensively 
used  in  routine  dust  control  in  mines  on  the  Witwatersrand  and 
other  parts  of  the  world.  It  was  first  introduced  on  the  Witwaters- 
rand by  Kotz6  in  1916. t  Later  the  design  was  modified  by  the 
Transvaal  Chamber  of  Mines  who  developed  the  circular  konimeter.^ 
An  instrument  of  similar  type  was  also  produced  by  the  firm  of 
Zeiss  in  Germany. 

Recently  a  sub-committee  was  appointed  by  the  Chamber  of 
Mines  to  investigate  improvements  in  dust-sampling  technique. 
The  members  consisted  of  officials  connected  with  dust-samphng 
on  Witwatersrand  gold  mines,  under  the  Chairmanship  of  Mr. 
J.  P.  Rees  (Chamber  of  Mines),  the  other  members  being  Prof. 
G.  W.  Biccard  Jeppe  (University  of  the  Witwatersrand) »  Mr.  J. 
de  V.  Lambrechts  (Anglo  American  Corporation).  Mr.  C.  T.  Hardy 
(Silicosis  Research  Committee,  Government  Mines  Department), 
Dt,  J.  T.  Mclntyre  (New  Consolidated  Gold  Fields),  Mr.  R.  A.  H. 
Flugge-de  Smidt  (Union  Corporation),  Mr.  E.  C.  Polkinghorne 
(Government  G.M.  Areas),  Dr.  R.  A.  Pelletier  (New  Consolidated 
Gold  Fields),  Mr.  J.  Buist  (Chamber  of  Mines),  Mr.  E.  C.  Whittaker 
(Robinson  Deep,  Jjtd.),  and  Mr.  S.  R.  Rabson  (Chamber  of  Mines). 
The  sub-committee  developed  an  improved  konimeter  incorporating 
the  best  features  of  the  previous  types  in  addition  to  several  new 
features. 

The  konimeter  collects  a  sample  of  airborne  dust  by  causing  a 
kno¥m  volume  of  air  to  impinge  through  a  jet  on  to  an  adhesive- 
coated  glass  shde,  whereby  the  dust  particles  are  deposited  on  the 
slide  in  the  form  of  a  *  spot  *  capable  of  being  enumerated  under  the 
microscope  after  suitable  treatment. 

The  new  instrument,  which  has  been  named  the  Witwatersrand 
Konimeter,  was  designed  with  a  view  to  ease  of  handling.  Its 
shape  shows  a  certain  degree  of  streamlining.  The  body  is  made 
from  hardened  aluminium  or  other  light  alloy.  The  overall  length 
is  6|  in.     A  feature  of  the  instrument  is  the  use  of  a  square  shde 

•Published  in  the  Journal  of  the  Chemical,  Metallurgical  and  Mining 
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IJ  in.  by  1^  in.  in  size,  out  from  a  standard  3-in.  by  l^-in.  micro- 
scope slide,  on  which  a  circle  of  up  to  58  dust  spots  can  be  taken. 

The  instrument  is  essentially  a  small  suction  pump  with  a  capacity 
of  5  c.c.  It  consists  of  a  nearly  hemispherical  head  recessed  to 
contain  the  glass  slide  connected  to  a  barrel  containing  in  its  upper 
section  the  cylinder  and  piston.  The  cylinder  is  made  of  brass 
and  is  threaded  into  the  top  of  the  barrel.  The  piston  is  a  precision 
sliding  fit  in  the  cylinder,  and  is  made  of  steel.  It  is  provided  with 
oil-retaining  grooves  to  ensure  air- tightness.  It  has  a  bore  of  f  in. 
and  a  stroke  of  1^  in.  Attached  to  the  piston  by  means  of  a 
piston  rod  is  a  rectangular  guide  which  shdes  along  the  inner  sides 
of  the  middle  section  of  the  barrel.  The  rod  extends  through  the 
guide  to  a  disc  by  means  of  which  the  piston  is  pushed  up  to  the 
top  of  the  cylinder  by  a  finger  inserted  through  a  hole  in  the  bottom 
of  the  barrel.  The  extension  of  the  piston  rod  passes  through  a 
felt  washer  held  in  a  baffle  plate  across  the  barrel  at  a  point  between 
the  guide  and  the  finger  disc.  This  baffle  serves  to  keep  out  dirt 
or  sludge  from  the  upper  part  of  the  barrel. 

The  piston  is  pushed  up  against  the  pressure  of  a  coiled  brass 
spring  containing  15  coils.  The  coils  of  the  spring  go  over  the 
brass  cylinder  and  stretch  from  near  the  top  of  the  cylinder  to  the 
back  of  the  guide.  The  spring  is  made  as  long  as  possible  to  assist 
in  giving  an  even  speed  over  the  whole  stroke  of  the  piston.  The 
strength  of  the  spring  is  such  as  to  give  a  time  of  stroke  of  between 
J  and  J  sec.  When  the  piston  is  pushed  up,  it  is  kept  in  position 
by  the  engagement  of  a  catch  over  the  guide.  The  catch  is  attached 
to  the  lower  end  of  a  lever  which  is  pivoted  at  the  centre,  the  upper 
end  being  attached  to  the  trigger  which  protrudes  through  a  hole 
in  the  side  of  the  barrel  just  under  the  head.  To  disengage  the 
catch,  the  trigger  must  be  depressed  against  the  pressure  of  a  small 
spring.  When  the  trigger  is  released,  the  main  coiled  spring 
forces  the  piston  to  the  end  of  its  stroke,  thereby  producing  a 
partial  vacuum  in  the  cylinder  and  causing  air  to  be  drawn  in. 
The  position  of  the  trigger  is  convenient  to  the  thumb  when  the 
instrument  is  held  round  the  barrel  with  the  left  hand. 

The  cylinder  is  in  communication  with  the  space  under  the  glass 
slide  in  the  head  through  a  channel  leading  from  the  top  of  the 
cylinder.  The  glass  slide  rests  on  a  rubber  ring,  diameter  1|  in., 
partially  recessed  into  the  floor  of  the  well  in  the  head,  and  is 
pressed  against  it  by  a  spring  on  the  back  of  the  cover  closing  the 
head.  An  air-tight  chamber  is  thus  formed  under  the  slide,  so 
that  the  vacuum  caused  by  the  displacement  of  the  piston  enables 
5  c.c.  of  air  to  be  drawn  in  through  a  jet  or  nozzle  leading  into  this 
space  from  the  outside  air.  The  jet  is  made  of  brass  3"6  cm.  long 
and  is  threaded  externally  along  half  its  length  for  screwing  into 
the  head.  It  is  tapered  from  a  diameter  of  1'75  mm.  at  the  inlet 
end  to  a  diameter  of  0*5  mm.  at  the  outlet  facing  the  slide  and  is 
placed  at  right  angles  to  the  glass  slide,  the  outlet  being  at  a  distance 
of  0-5  mm.  from  it.     The  air  impinges  at  high  velocity  from  the 
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jet  on  the  slide,  to  which  a  thin  tilm  of  adhesive  has  previously 
been  applied,  and  the  dust  particles  adhere  firmly  to  the  slide  in 
the  form  of  a  spot. 

The  tapered  jet  gives  a  better  distribution  of  the  particles  in 
the  spot  than  a  parallel-sided  jet.  The  inlet  of  the  jet  is  flush 
oatside  with  the  surface  of  the  head,  a  sunken  lock  nut  being  used 
to  keep  it  in  position  and  another  detachable  sunken  nut  is  provided 
which,  when  removed,  exposes  several,  threads  of  the  jet,  and 
enables  an  adaptor  to  be  fitted  which  can  be  connected  to  a  U-tube 
for  testing  the  capacity  of  the  instrument.  The  air  is  exhausted 
from  the  air-tight  space  through  the  exhaust  channel  communi- 
cating with  the  cylinder,  the  exhaust  being  placed  circumferentially 
round  the  jet. 

The  IJ-in.  by  IJ-in.  glass  slide  is  held  in  position  in  a  square 
recess  cut  in  a  toothed  brass  ring,  no  screws  being  required  to 
fasten  the  slide  to  the  ring.  The  teeth  of  the  ring  engage  with  a 
pinion  connected  to  an  external  winding  pin  by  means  of  which 
the  shde  can  be  advanced  in  a  circle  after  taking  each  spot.  The 
result  is  a  circle  of  spots  round  the  slide  at  a  diameter  of  1-^  in. 
The  winding  pin  is  provided  with  a  notch,  which  enables  an  exact 
number  of  half  turns  to  be  given  between  spots,  and  also  prevents 
any  unintentional  movement  of  the  winding  pin.  Usually  three 
half-turns  are  given  between  spots,  and  with  this  spacing  a 
maximum  of  58  spots  can  be  taken  on  one  slide.  The  brass  ring 
is  numbered  from  1  to  29,  and  the  numbers  may  be  viewed  through 
a  hole  provided  in  the  cover  closing  the  head,  to  enable  the  position 
of  the  slide  to  be  judged. 

The  cover,  or  lid,  closing  the  recess  in  the  head  fits  on  with  a 
small  turning  movement,  three  studs  under  the  edge  of  the  cover 
fitting  into  corresponding  slots  in  the  head.  A  thumb  ^crew  is 
provided  to  prevent  accidental  loosening  of  the  cover. 

The  brass  toothed  ring  is  an  integral  part  of  the  instrument. 
The  glass  slides  are  kept  loose,  preferably  in  a  box  provided  with 
slots.  When  required  for  use  a  slide  is  cleaned,  the  adhesive  film 
is  appHed  to  one  side,  and  the  slide  inserted  into  the  recess  of  the 
ring  in  the  konimeter,  with  the  adhesive  side  downwards  facing 
the  jet. 

A  new  method  of  applying  the  adhesive  has  recently  been 
developed  on  the  Witwatersrand.  A  film  of  petroleum  jelly  (e.g., 
vaseline)  is  formed  on  the  slide  by  applying  a  solution  containing 
1  per  cent  of  the  jelly  dissolved  in  xylol  and  allowing  the  xylol 
to  evaporate. 

After  sampling,  the  slide  can  be  handled  by  first  lifting  an  edge 
with  tweezers  or  any  suitable  appliance,  e.g.,  a  large  pin,  and  then 
seizing  the  slide  with  the  fingers  held  at  opposite  edges. 

Shdes  are  generally  treated  by  immersion  in  acid  and  ignition 
in  order  to  remove  soluble  and  carbonaceous  matter,  and  are  then 
examined  under  the  microscope  using  a  16  mm.  objective  with 
dark-field  illumination.     An  18°  sector  eye-piece  graticule  is  used 
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to  ecablo  thu  ptu-tinlo  coaht  to  be  made.  A  special  circular  stagt> 
is  uaed  to  advance  the  slide,  with  a  toothed  brass  ring  umilar  tu 
the  one  in  the  konimcter,  bat  numbered  in  the  cipiionite  direction 
»ince  the  slide  is  eoiniled  face  upwards. 
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Figs.  1  (Piatt'  I)  and  i  show  two  views  of  the  Witwateisraad 
Konintetei'.  Detailed  working  drawings  for  the  instrument  have 
been  prepared,  and  copies  may  bo  obtained  from  the  Transvaal 
Ohaniber  of  !klines  on  application  by  interested  bodies. 
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THE  INSTITUTION  OF  MINING   AND  METALLURGY 

Jb^OURTH  ORDINARY  GENERAL  MEETING  of  the  58th  SESSION 
held  in  the  Rooms  of  the  Geological  Society  of  London,  Burlington 
HouBe.  Piccadilly,  London,  W.  1,  on  Thursday,  20th  January,  1949. 

Mr.  S.  E.  Taylor,  President,  in  the  Chair 

DISCUSSION   ON 

Mining  and  Milling  Antimony  Ore  at  Consolidated 
Murchison  Goldfields,  Transvaal'*' 

By  Ralph  Symons,  Me7nhei' 

The  President,  in  opening  the  Meeting,  said  that  since  the  author 
was  unable  to  be  present  to  introduce  his  paper,  Mr.  J.  B.  Dennison 
had  kindly  undertaken  the  task.  It  was  an  interesting  paper  to 
which  the  author  had  given  a  very  modest  title,  because  it  was 
rlearly  a  comprehensive  report  on  what  amounted  to  a  group  of 
-Jiiiall  mines.  It  covered  nearly  evorv  department  in  addition  to 
mining  and  milling. 

Mr.  J.  B.  Dennison  said  that  he  was  sorry  that  Mr.  Symons 
was  not  present  to  introduce?  his  paper  because,  needless  to  say,  his 
knowledge  of  the  inside  of  Murchison  was  much  greater  than  the 
speaker's  own.  He  had  been  at  the  mine  and  had  been  underground 
and  had  vivid  recollections  of  much  of  it,  but  that  was  not  the  same 
thing  as  the  ordinary  day-to-day  battle  of  the  man  on  the  job. 
Ho  thought  it  would  be  agreed  that  the  author  had  given  good 
measure  and  food  for  thought  in  the  paper,  and  members  would 
be  grateful  to  him.  When  he  undertook  to  introduce  the  paper  he 
wrote  to  the  author  to  find  out  if  there  was  anything  he  wished  to 
add  and  he  had  been  good  enough  to  send  the  following  up-to-date 
information  : 

*  We  have  made  (me  or  two  improvements  in  our  practice  since 
1  wrote  the  paper. 

Method  of  vnnimj :  In  order  to  overcome  the  difficulty  mentioned 
in  the  paper  in  connection  with  weak  side  walls  we  are  now  working 
all  Btopes  on  the  cut-and-fill  method.  So  far  this  has  only  been 
applied  where  the  antimony  reef  is  narrow,  and  the  waste  is  blasted 
from  the  side  walls  so  that  it  might  be  called  resuing.  The  reef 
is  carried  on  one  side  of  the  stope  back  and  the  waste  is  blasted 
down  first  with  light  holes  and  the  reef  blasted  separately  later. 
Grid  ore-boxes  are  carried  with  sawn-off  laggings  to  prevent  the 
creeping  against  the  compressive  action  of  the  ore.     This  is  working 

*i??///.  506,  Jan.   1949. 
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very  well  and,  although  a  certain  amount  of  fines  is  lost,  the  draw^ 
back  of  pollution  is  overcome  and  a  clean  product  obtained. 

Breaking  grmind:  Tungsten  carbide  steel  was  being  tried  when 
I  wrote  the  paper,  but  the  experiment  was  in  too  early  a  stage  to 
mention.  The  result  has  been  so  successful  that  it  has  been 
decided  to  equip  the  whole  mine  with  this  type  of  steel '. 

Later  in  the  letter  Mr.  Symons  gave  the  results  obtained  by  the 
use  of  carbide-tipped  steel.  One  drill  apparently  did  151  ft. 
(sharpened  twice,  ground  exceptionally  hard)  ;  another  steel  did 
556  ft.  (sharpened  three  times)  ;  another  one  2,755  ft.  (sharpened 
four  times)  ;  another  one  1,189  ft.  (sharpened  four  times) ;  and 
another  928  ft.  :  the  record  was  4,468  ft.,  sharpened  four  times. 
With  regard  to  No.  1  steel  which  did  not  do  so  well  the  author 
said  that  it  was  used  in  an  extremely  hard  quartzite  in  which  it 
was  impossible  U)  obtain  a  normal  round  with  any  steel.  On 
occasions  it  took  four  or  five  jumpers  tQ  drill  one  hole.  In  other 
cases  where  ordinary  steel  was  replaced  by  tungsten  carbide  tipped 
steel  one  juniper  boy  per  machine  crew  was  saved.  The  author 
added  :  *  In  view  of  these  results  I  have  decided  to  introduce  this 
type  of  steel  for  all  development  work  and  I  am  also  making  trials 
in  stoping  work  *.  With  results  like  that  one  could  understand 
his  coming  to  that  conclusion.  Some  of  the  advantages  of  the 
carbide  tipped  steel  were  the  saving  of  transport  in  the  mine 
(which  was  an  important  factor  in  view  of  vertical  travelhng  ways) 
and  the  saving  of  transport  from  the  shafts  to  the  central  drill 
sharpening  shop-  -a  very  important  factor  when  the  work  was  so 
widely  scattered.  There  was  also  the  saving  of  one  jumper  boy 
on  each  machine  gang,  the  increase  of  tonnage  drilled  per  machine- 
shift,  which  resulted  in  a  better  breaking  efficiency  and  the  saving 
of  complete  machine  gangs,  as  well  as  the  economy  in  compressing 
or  drilling  equipment. 

Another  point  on  which  the  author  touched  was  underground 
lighting.  He  said  :  '  It  has  been  decided  to  equip  the  whole  mine 
with  electric  cap  lamps  in  place  of  the  present  carbide  lamps.  It 
is  felt  that  the  introduction  of  this  type  of  lamp  will  prevent  many 
accidents,  because  persons  will  be  able  to  use  both  hands  on  the 
ladders.  By  improvement  of  working  on  the  face  it  is  hoped  that 
better  efficiency  will  result,  although  the  cost  will  be  the  same  or  a 
little  higher  \  He  also  added  :  *  It  has  been  decided  to  rebuild 
the  compound  completely  with  single  and  married  quarters  of  the 
Rondavel  type,  built  of  brick  with  felt  roofs,  with  kitchens,  shower 
baths,  latrines,  and  a  new  and  larger  native  hospital.  The^ 
compound  will  continue  to  be  of  the  unenclosed  type  '. 

Most  of  the  electric  cap  lamps  which  the  speaker  had  seen  had 
an  alkali  battery,  but  a  friend  who  was  a  member  of  the  Institutioa 
had  told  him  that  alkali  batteries  were  rather  old-fashioned  and 
that  the  latest  thing  was  to  have  acid  batteries  which  could  not 
spill.  He  was  shown  a  photograph  of  a  battery  lamp  with  three 
batteries  and  a  top  shaped  like  a  small  electric  heater,  which  he 
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illustrated  on  the  blackboard.  Inside  were  two  glass  tubes  exactly 
like  the  fluorescent  lighting  tubes  with  which  one  was  familiar.  It 
was  claimed  that  with  these  three  12-V.  batteries  it  was  possible 
to  obtain  a  light  which  would  Hght  up  the  whole  of  the  develop- 
ment end.  He  wondered  who  would  want  to  carry  such  a  battery, 
but  it  had  a  handle  which  would  accommodate  only  one  hand 
and  his  friend  had  said  that  it  could  be  carried  thus  by  one  man. 
He  was  old-fashioned  enough  to  feel,  however,  that  he  would  very 
much  like  to  have  a  carbide  lamp  somewhere  handy  ! 

At  the  end  of  the  Surveying  and  Sampling  section  the  author 
stated  that  *  The  assay  plan  factor  for  1947  was  82-75  per  cent 
for  antimony  and  107-9  per  cent  for  gold  ',  which  interested  him 
and  doubtless  others.  Assay  plan  factors  in  his  experience  were 
usually  something  under  100  per  cent ;  how  comuion  it  was  to 
find  it  over  100  per  cent  he  did  not  know,  but  thinking  about  it 
he  came  to  the  conclusion  that  one  of  the  many  considerations 
that  must  afifect  the  assay  plan  factor  was  dip.  There  were  many 
others :  friability,  the  nature  of  the  foot-wall,  and  whether  it 
was  smooth  or  rough.  In  many  mines  on  the  Hand  and  other 
places  the  foot-wall  was  sufficiently  rough  and  the  ore  sufficiently 
valuable  to  have  people  going  about  with  wire  brushes  on  their 
hands  and  knees  scrubbing  the  foot- wail,  and  that  was  why  the^ 
question  of  the  dip  particularly  interested  him.  On  reference  to 
one  of  the  cross-sections  (Fig.  3)  it  was  to  all  intents  and  purposes 
vertical ;  obviously  the  nearer  the  deposit  was  to  the  vertical  the 
less  likelihood  there  was  of  loose  ore  catching  in  ridges  in  the 
foot-wall.  One  could  say  that  the  worst  possible  case  for  assay 
plan  factor  was  the  horizontal  point  and  the  best  case  of  all  would 
be  when  the  reef  wa»  vertical  (as  in  this  case)  for  the  simple  reason 
that  the  ore  shoots  straight  into  the  mine  cars  and  a  very  great 
deal  would  not  touch  the  side- walls  at  all. 

There  were  many  other  considerations  affecting  assay  plan 
factor.  He  imagined  when  Mr.  Symons  tirst  thought  his  assay 
plan  factor  was  107  per  cent  he  felt  very  much  as  the  speaker 
himself  would  have  felt  on  receipt  of  an  unexpected  large  rebate 
from  the  income  tax  1  One  obtained  82-7  per  cent  antimony. 
but,  if  what  he  thought  was  right,  if  it  was  a  much  flatter  orebody 
one  would  expect  an  assay  plan  factor  of  60  or  70  per  cent. 

A  non-technical  point,  but  a  point  of  interest,  was  that  the 
ore  was  most  satisfactory  to  mine.  Those  who  had  to  mine  large 
deposits  of  galena  in  limestone  would  appreciate  what  he  meant. 
It  really  looked  worth  mining,  not  like  so  many  mines  on  the  Hand, 
where  men  had  been  mining  for  20  or  30  }•  ears  and  had  never  seen 
the  metal  for  which  they  had  been  mining. 

There  were  other  points  of  interest  to  which  hu  would  like  to 
refer,  but  he  had  dealt  with  a  few  of  the  branches  of  the  paper 
and  would  leave  it  to  others  to  do  likewise. 

Dr.  F.  £.  Keep  said  he  regretted  that  although  he  had  visited 
many  small  workings  in   southern   Africa  he   had   not  had   an 
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opportunity  of  visiting  the  mines  of  the  Murchison  Hange.  The 
paper  gave  an  interesting  account  of  those  gold-antimony  deposits, 
which  were  among  those  first  known  to  Europeans  in  South  Africa, 
but  which  had  always  in  the  past  proved-to  be  a  snare  and  a  delusion 
to  the  individuals  and  small  companies  who  attempted  to  work 
them.  The  refractory  nature  of  the  ore,  the  technical  knowledge 
and  large  capital  expenditure  necessary  to  obtain  satisfactory 
j<old  recoveries,  and  the  unhealthy  nature  of  the  locahty,  combined 
with  the  erratic  and  patchy  occurrence  of  the  gold  values,  were  the 
major  factors  responsible  for  the  failures  of  the  early  workers. 
In  fact  it  might  be  fair  to  emphasize  tliat  a  successful  mining 
industry  had  not  yet  been  built  up  on  the  gold  occurrences,  but 
that  the  greatly  increased  value  of  the  antimony  alone  had  resulted 
in  its  being  possible  to  operate  the  mines  profitably. 

It  was  noteworthy  that  nowhere  in  the  paper  was  any  idea 
given  of  the  average  tenor  of  the  ore,  either  in  gold  or  antimony 
content,  although  the  author  stated  that  the  value  of  the  output 
of  the  former  was  only  a  fraction  of  the  value  of  the  latter.  Was 
the  fact  that  sample  lengths  were  not  permitted  to  exceed  12  in. 
due  to  very  erratic  antimony  values  as  well  as  to  patchy  gold 
values  ?  Also,  had  the  author  any  simple  explanation  of  the 
discrepancy  between  assay  plan  factors  of  107'9  per  cent  for  gold 
and  only  82-7  per  cent  for  antimony  ?  Might  that  be  due  to  the 
fact  that  the  gold  values  were  often  visible  and  always  erratic, 
resulting  in  a  rigorous  reduction  of  actual  sample  values  when  ore 
reserve  estimates  were  being  prepared — a  reduction  which  proved 
in  fact  to  be  too  rigorous  ?  He  did  not  believe  that  AJr.  Dennison's 
>mggestion  regarding  the  dip  really  explained  the  discrepancy  : 
it  might  be  one  factor,  but  f)nly  one.  He  would  himself  prefer 
not  to  have  to  plot  his  assay  plan  factor  against  the  angle  of  dip 
and  to  be  expected  to  keep  to  that  curve. 

Having  had  considerable  experience  of  shrinkage  stoping  in 
steeply-dipping  veins  he  could  say  that  in  his  opinion  it  was  a 
poor  method,  its  only  redeeming  feature  being  its  cheapness  in 
first  cost.  However,  it  might,  and  often  did,  prove  very  expensive 
in  the  long  run,  owing  to  the  large  unsupported  cavities  left,  to 
dilution  of  the  ore  from  weak  walls  (a  particular  danger,  it  would 
seem,  in  the  Murchison  orebodies),  and  from  loss  of  ore  due  to 
large  wall  slabs  hanging  up  above  stope-boxes  or  from  the  collapse 
of  cribbed  manways  and  the  consequent  mixture  of  broken  timbers 
with  the  ore.  To  travel  down  with  cleaners  as  the  ore  was  finally 
drawn  was  too  dangerous  except  under  particularly  good  wall 
conditions,  when,  in  fact,  the  cleaners  were  of  least  use.  It  was 
surprising  to  read  that  cribbed  manways  as  pictured  in  the  drawings 
did  not  collapse  as  the  stopes  were  being  finally  drawn.  He  was 
pleased  to  hear  that  cut-and-fill  stoping  was  to  be  used,  and  he 
beheved  that  if  any  considerable  orebodies  were  encountered  they 
would  be  very  thankful  a  few  j^ears  hence  that  they  had  changed 
their    methods    of    stoping    to    cut-and-fill.     Mr.    Dennison    had 
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mentioned  the  loss  of  fines  in  that  method  of  mining,  but  he  did 
not  consider  that  to  be  necessary.  He  had  seen  a  lot  of  cut-and-fill 
stoping  in  high-grade  orebodies,  particularly  in  Canada,  and  it  was 
customary  to  cover  over  the  fill  with  planks,  often  overlaid  with 
old  filter  canvas  from  the  sulphite  paper  mills,  before  breaking 
down  the  ore.  That  practice,  besides  preventing  loss  of  fines  in  the 
fill,  assisted  the  shovellers  in  getting  the  ore  to  the  '  mill-holes  ' 
or  passes  by  providing  a  level  surface  from  which  to  shovel.  He 
realized  that  timber  was  much  more  expensive  in  South  Africa 
than  in  Canada  and  probably  old  canvas  was  unobtainable,  but 
some  type  of  fairly  inexpensive  covering  for  the  fill  might  be 
procured. 

The  extraction  of  sill  pillars  below  drives  was  an  expensive 
proceeding,  particularly  so  when  a  large  open  stope  existed  below. 
No  wonder  the  author  stated  that  those  pillars  were  left  *  to  be 
partly  extracted  later  '.  What  percentage  of  the  payable  ore  in 
those  sills  was  actually  recovered  ?  The  foot-wall  haulage  system, 
combined  with  crosscuts  to  the  reef,  and  no  reef  drives,  had  the 
advantage  of  obviating  the  necessity  for  any  sill  pillars  being 
finally  left,  the  lower  stope  being  able  to  continue  right  through  to 
the  base  of  the  stope  above.  That  advantage  might,  combined 
with  the  cheaper  cost  of  a  foot-wall  drive  on  line  as  compared 
with  a  reef  drive  which  had  to  follow  all  the  irregularities  of  the 
orebody,  and  combined  with  the  fact  that  the  shovelling  of  the 
silled  spoil  into  cars  on  the  level  was  not  necessary,  result  in  an 
actual  saving  of  cost  as  compared  with  the  reef  drive  method  of 
development. 

The  author  had  stated  that  crosscuts  or  diamond  drill-holes 
were  put  out  from  the  reef  drives  to  examine  for  values  in  the 
walls.  He  stated  earlier  in  the  paper,  however,  that  owing  to  the 
sporadic  mineralization  no  great  reliance  was  placed  upon  assays 
from  individual  diamond  drill-holes  from  surface.  Under  those 
circumstances  the  value  of  diamond  drilling  the  walls  of  the  drives 
appeared  to  be  controversial. 

It  was  noted  that  50  per  cent  dynamite  was  used  for  stoping. 
Presumably  the  use  of  the  cheaper  40  per  cent  explosive  had 
proved  less  economical.  In  the  speaker's  experience  it  was  rarely 
necessary  in  fairly  wide  flat-back  stopes  to  use  more  powerful 
explosive  than  40  per  cent  dynamite,  but  at  Consolidated 
Murchison  tests  had  presumably  proved  its  use  inadvisable. 
Information  on  that  point  would  be  welcome. 

Although  he  had  asked  for  further  information  and  perhaps  had 
criticized  minor  points  in  the  paper,  he  thought  that  the  author 
was  to  be  congratulated  upon  a  very  interesting  dissertation.  It 
suffered  from  the  lack  of  certain  particulars,  but  perhaps  they  had 
been  omitted  for  reasons  of  policy,  the  base-metal  producer  being 
in  a  competitive  business.  He  could,  however,  pass  on  any 
increased  costs  to  the  consumer,  a  thing  the  less  fortunate  gold 
miner  was  unable  to  do. 
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Mr.  D.  G.  Armstrong  said  that  Dr.  Keep  had  commented  on 
the  rather  surprising  absence  of  assay  figures,  particularly  mill 
heads,  and  he  wondered  what  the  gold  figure  was  for  the  mill  heads. 
There  was  a  surprising  omission  in  the  gold  flotation  section,  where 
there  was  no  mention  of  reagents,  and  he  wondered  if  it  was  a 
trade  secret  and  deliberately  omitted.  In  the  crushing  section  it 
was  stated  that  the  ore  bin  was  covered  by  a  14-in.  by  14-in.  grizzly, 
and  he  wondered  w^hether  it  should  be  14  ft.  If  14  in.  was  correct, 
the  ore  in  the  bin  would  be  rnintis  14  in.  with  an  occasional  piece 
nearly  14  in.  in  dia.  That  had  to  go  on  to  the  22-in.  conveyor  set 
at  a  slope  of  17  in.  and  was  fed  into  a  16-in.  by  9-in.  jaw  crusher, 
BO  he  wondered  if  that  was  correct.  The  jaw  crusher  discharge 
chute  was  set  at  32°.  He  wondered  if  that  was  by  design  or 
necessity  as  he  imagined  it  would  choke  up  rather  easily. 

In  the  milling  section  it  was  stated  that  there  were  two  ball-mills. 
One  of  them  was  5  ft.  by  16  ft.,  and  he  thought  it  should  more 
properly  be  called  a  tube-mill.  One  found  later  on  that  a  helpful 
factor  in  roasting  the  antimony  was  coarse  particles.  Was  there 
not  too  much  sliming  in  the  long  mill  ?  The  lining  was  interesting — 
white  iron  bricks.  He  imagined  they  were  quite  small  as  they  were 
called  bricks  and  it  would  be  interesting  to  know  how  they  were 
fixed  in  the  shell.  He  took  it  that  the  third  dimension  given  for 
the  mill  size  was  the  size  of  feed  that  the  mill  would  take.  There 
was  also  a  third  dimension  for  the  strake  tables  and  he  supposed 
it  was  depth,  but  it  was  hardly  a  relevant  figure. 

In  the  gold  flotation  section  the  author  stated  '  Talcy  gangue 
will  float  in  preference  to  antimony  at  this  stage  ' — ^perhaps  a 
gangue  depressant  would  be  useful  at  that  stage,  but  they  might 
not  want  a  higher  grade  gold  concentrate  as  it  might  cause  trouble 
later  in  the  roasting  process. 

In  the  section  on  roasting  it  was  stated  that  temperature  was 
determined  by  means  of  a  Cambridge  electrical  pyrometer  and  he 
would  like  to  know  how  it  was  done.  He  presumed  a  thermo- 
couple was  meant,  but  he  wondered  wht^n*  they  put  it,  because  it 
was  the  temperature  of  the  ore  on  tht»  hearth  rather  than  the 
atmosphere  in  the  furnace  which  was  important.  With  the  sweep- 
ing rabble  arms  there  was  not  much  space  on  the  hearth  for  a 
thermocouple.  Calcine  was  discharged  direct  on  to  a  conveyor 
without  cooling  and  then  in  to  a  bucket  elevator.  He  thought  that 
would  be  a  very  dusty  operation  and  the  elevator  joints  would 
need  to  be  very  tight. 

The  double  treatment  with  cyanide  was  interesting.  There 
seemed  to  be  extensive  washing  before  filtration,  which  was  rather 
surprising.  Assay  figures  to  show  the  extraction  by  the  two  cyanide 
treatments  would  be  interesting.  In  tabling  the  antimony  flotation 
concentrates,  he  would  expect  some  difficulty  with  frothing  on  the 
table  and  he  wondered  whether  any  precautions  were  taken  to 
prevent  the  products  from  floating  over  the  table.  Precipitation 
zinc  was  purchased  ready  cut.    Some  people  attached  considerable 
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importance  to  the  freshness  of  the  surfaces  and  would  prefer  it 
to  be  cut  at  site.  Apparently  no  trouble  was  experienced  at 
OoDBolidated  Murchison. 

Dr.  A.  W.  Groves  said  that  the  author  stated  at  the  end  of  the 
History  section  that  that  was  the  only  mine  producing  antimony 
in  the  Union  of  South  Africa.  He  thought  that  was  an  unduly 
modest  statement  and  the  fact  might  have  been  brought  out  that 
it  was  the  principal  producer  of  antimony  in  the  Empire.  The 
1947  statistics  showed  that  the  Union  of  South  Africa  was  third 
on  the  list  of  world  producers  of  antimony  ;  Bolivia  came  first, 
Mexico  next,  and  South  Africa  third. 

Mr.  J.  A*C.  Bergne  said  that  one  point  had  not  been  mentioned 
on  which  the  author  deserved  congratulation  and  that  was  his 
handling  of  the  enormous  and  indifferent  collection  of  equipment-  * 
probably  old,  possibly  *  junk  ' — which  no  doubt  he  had  inheritc^d 
from  the  little  properties  now  amalgamated. 

If  one  looked  carefully  at  the  makers*  names  of  the  various 
types  of  machinery  there  was  hardly  a  single  case  in  which  the 
same  name  occurred  twice.  That  state  of  affairs  was  reflected  in 
the  composition  of  his  staff :  the  engineering  staff  was  practically 
half  the  entire  executive.  The  costs  Mr.  Svuions  had  achieved  with 
that  dispersed  and  old  machinery  were  very  creditable. 

Mr.  N.  H.  Monro  said  that  he  was  particularly  interested  in 
the  phenomenal  footages  achieved  with  the  tungsten  carbide  drill- 
bits  described  by  Mr.  Dennison.  He  would  be  glad  if  the  author 
would  say  what  reduction  in  gauge  there  was  at  the  end  of  the 
runs.  It  was  an  interesting  point,  although  not  particularly 
important,  as  there  was  no  question  of  one  drill  having  to  follow 
another  in  the  same  hole.  With  ordinary  carbon  steel  loss  of 
gauge  was  often  a  serious  aspect  and  for  that  reason  the  loss  in 
drilling  4,468  ft.  with  one  bit  was  an  interesting  point. 

With  regard  to  the  interesting  fluorescent  tube  lamp  which 
Mr.  Dennison  illustrated  ;  in  case  members  had  not  seen  it  he 
would  like  to  mention  a  lamp  which  he  saw  at  the  British  Thomson - 
Houston  works  the  other  day.  It  was  very  similar  to  that  described 
by  Mr.  Dennison,  with  two  fluorescent  bars  driven  by  a  compressed- 
air  motor. 

Mr.  E.  J.  Pryor  said  that  several  of  the  points  he  wished  to 
make  had  been  anticipated.  One  of  the  first  which  interested 
him  was,  as  Dr.  Keep  had  pointed  out,  the  unusual  agreement 
between  the  assay  plan  and  the  mill  head  assays.  It  struck  him, 
trying  to  reason  out  what  had  happened,  that  the  samplers  had 
been  up  against  that  curse  of  underground  sampling — obdurate 
material  followed  by  rather  friable  stuff.  He  had  carried  ou< 
sampling  work  on  just  such  ground  and  had  found  that  unless  one 
was  prepared  to  take  an  inordinate  time  and  to  be  extremely  gentle 
in  cutting  samples,  the  results  were  very  unreliable,  owing  to  the 


32        RALPH  8YM0NS  I    MINING  AND  MILLING  ANTIMONY  ORK  AT 

fact  that  the  friable  material  began  to  shake  loose  before  the^ 
sampler's  groove  reached  it. 

He  was  interested  in  the  possibility  of  utilizing  the  obvious 
differences  in  density  between  the  minerals  in  this  ore.  From  its 
geology  it  seemed  the  kind  of  deposit  one  would  expect  to  be 
heavily  diluted  in  stoping.  Possibly  there  would  be  enough 
density  difference  to  be  exploited  by  sink-and-float  separation 
methods.  If  23  tons/hr.  were  going  through  and  80  tons  of  waste 
were  removed  daily  by  hand  sorting,  a  small  *  heavy  media  '  plant 
might  be  justified. 

Washing  on  the  belt  was  an  interesting  feature.  With  regard  to 
recovery  he  would  like  to  know^  more,  if  it  were  possible.  Twenty 
per  cent  of  the  gold  in  the  mill  feed  was  being  recovered  on  the 
blanket  strakes,  another  18  per  cent  by  jigging,  and,  later  on. 
gold  flotation  saved  up  to  15  per  cent ;  a  total  of  63  per  cent  of 
the  gold  in  the  ore.  Most  of  that  was  concentrate  and  apparently 
was  going  to  the  calciner  and  there  would  presumably  be  an 
operating  loss  from  that  time  on.  Further  recovery  from  cyanida- 
tion  of  the  flotation  tailing  was  mentioned  as  an  operation  which 
was  *  not  always  profitable  '  and  no  figures  were  given  to  show 
what  happened.  K  it  was  possible  to  give  it,  the  total  recover}' 
based  on  the  dwt./ton  in  the  mill  heads  would  be  very  helpful 
for  record.  Experts  in  that  field  would  appreciate  that  high 
efficiency  of  extraction  was  rarely  possible  with  a  nasty  combination 
of  minerals  such  as  existed  there. 

Mr.  F.  T.  C.  Doughty  said  it  was  a  nice  change  to  have  so 
much  information  about  milling  in  a  general  paper,  but  thought 
the  value  of  the  paper  would  be  improved  if  more  detailed  informa- 
tion about  flotation  were  given.  The  literature  on  stibnite  flotation 
was  scanty  and  Taggart  did  not  mention  it  at  all. 

He  was  particularly  interested  in  the  flotation  of  talcy  ganguv 
prior  to  stibnite.  His  experience  with  stibnite  ores  was  that  a 
portion  of  the  stibnite,  sometimes  as  much  as  40  per  cent,  floated 
without  any  promoter  at  all.  Obviously  that  did  not  happen  at 
Murchison,  as  the  overall  recovery  was  75  per  cent  in  a  60-62  per 
cent  concentrate.  As  the  ore  undoubtedly  contained  oxide 
antimony  minerals  which  would  not  float,  that  was  an  excellent 
recovery,  but  he  wished  the  paper  had  said  how  it  was  done.  What 
was  the  antimony  content  of  the  talcy  gangue  concentrate  ?  There 
were  various  references  in  the  literature  to  depressants  and  acti- 
vators for  stibnite.  Caustic  soda  was  said  to  depress  that  mineral, 
and  lead  acetate  and  lead  nitrate  said  to  activate  it  without 
affecting  arsenopyrite  or  pyrite.  He  would  like  to  know  whether 
any  tests  had  been  made  with  such  reagents. 

One  other  point  that  puzzled  him  was  the  statement  under 
*  Distribution  of  Antimony  '  in  the  Antimony  Recovery  section, 
where  the  author  mentioned  various  minerals  and  said  that  all 
were  heavily  penalized  but  were  largely  removed  with  the  gold. 
That  seemed  odd,  as  one  would  not  expect  minerals  such  as  nickel 
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8oIpfaid66  to  float  with  the  talcj  gangae.  PeriiapB,  how^rer,  th^ 
were  coarse  and  were  removed  in  the  gravity  plant.  He  hoped  the 
author  would  give  some  information  abont  that. 

The  gold  recovery  was  not  very  high  and  it  would  be  interesting 
to  know  where  the  losses  were.  No  doubt  there  was  some  gold  in 
the  final  antimony  concentrate. 

Mr.  J.  B.  Richardson  said  that,  in  prospecting  by  diamond 
drill,  the  author  and  his  geological  staff  were  to  be  congratulated 
on  the  speed  of  drilling  and  the  excellent  core  recovery  from  the 
orebodies,  especially  as  loss  of  water  was  so  frequent.  For  com- 
parison with  similar  work  elsewhere  could  the  author  give  the 
average  cost  of  drilling  ? 

The  ore  being  exploited  appeared  to  occur  in  a  series  of  deep, 
steeply-inclined  lenses  varying  from  a  few  feet  to  over  40  ft.  wide 
and  several  hundred  feet  long.  They  had  weak,  ill-defined  walls 
and  mineralization  of  an  erratic,  complicated  sulphide  nature 
which  could  be  followed  apparently  between  the  lenses.  From 
the  paper  it  was  not  clear  how  much  of  the  prospecting  programme 
was  along  the  2|  miles  to  the  east  of  the  main  shaft  nor  the  degree 
of  continuity  in  the  line  of  lenses  discovered,  although  the  work 
was  for  the  discovery  of  new  lenses  rather  than  for  their  appraisal. 

The  system  of  hoisting  the  ore  through  a  number  of  small  shafts 
and  then  transporting  it  by  5-ton  lorries  to  the  main  ore  bin  seemed 
an  expensive  way  of  collecting  ore,  although  probably  unavoidable 
at  present.  He  wondered,  therefore,  if  the  management  contem- 
plated eventually  linking  up  the  numerous  lenses  by  an  under- 
ground haulage  system.  The  ore  itself  appeared  to  be  strong,  as 
it  needed  no  support  over  45  ft.  width,  and  if  such  a  tunnel  were 
driven  mainl}*^  in  ore  part  of  the  cost  would  be  offset.  It  was 
noted  also  that  in  the  deeper  stopes  the  haulage  levels  were  in  the 
foot- wall,  and  if  the  distances  between  the  lenses  was  not  great, 
linking  up  those  at  some  convenient  depth  would  appear  to  provide 
a  tunnel  to  serve  as  a  main  haulage  road.  The  paper  would  have 
been  improved  had  the  author  provided  a  longitudinal  section, 
even  in  the  form  of  a  sketch,  so  that  some  idea  of  the  nmnber, 
size,  and  shape  of  the  lenses  and  the  distances  between  them  could 
have  been  made  clear. 

If  the  sketches  given  in  Figs.  3  and  4  represented  an  average 
stope,  excluding  the  roof  pillar  a  100-ft.  lift  would  appear  to  repre- 
sent some  15,000  tons  of  ore.  Thus  no  great  number  of  stopes  in 
various  stages  of  extraction  was  required  to  ensure  a  fairly  steady 
production.  The  author  would  appear  to  have  achieved  that 
because  the  main  ore-bin  only  contained  less  than  a  day*s  supply 
for  the  mill. 

He  had  not  the  same  objection  to  shrinkage  stoping  as  Dr.  Keep, 
as  in  comparatively  narrow  steep  orebodies,  with  miners  not  highly 
skilled,  it  was  a  suitable  method.  But  the  author  stated  that  in 
some  sections  th^  walls  were  weak,  so  presumably  there  were  con- 
siderable dilution  and  possibly  difficulties  in  extracting  the  last  of 
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,  the  ore,  although  they  were  told  that  the  travelling  ways  were  riot 
affected. 

Would  the  author  give  details  of  the  method  of  reclaiming  pillars, 
as  if  the  walls  sloughed  badly  that  work  would  appear  to  be  difficult 
to  complete. 

In  his  introduction  Mr.  Dennison  had  told  them  they  had  gone 
over  to  a  cut-and-fill  method.  How  did  that  afifect  the  efficiencies 
and  cost  in  mining  ? 

Was  it  not  also  possible  that  dilution  of  the  ore  was  the  answer 
to  the  anomahes  in  gold  and  antimony  recovery  remarked  upon 
by  several  speakers,  and  if  Dr.  Keep's  suggestion  that  the  high 
gold  assays  were  severely  cut  was  correct,  was  not  the  wide  diver- 
gence in  assay  plan  factors  explained  by  a  larger  tonnage  being 
drawn  than  the  assay  plan  calculation  gave,  so  that  the  true 
recovery  of  both  metals  was  higher  than  82-75  per  cent  ?  That 
happened  in  many  copper  mines  using  block  caving  methods 
where  dilution  was  unavoidable. 

The  speaker  asked  why  winzes  were  continued  vertically  even 
if  they  passed  out*  of  the  orebody  and  why  was  winzing  preferred 
to  raising.  It  was  possibly  a  fimction  of  the  skill  of  the  miners 
employed,  because  with  skilled  miners  raises  were  usually  cheaper 
to  make  than  winzes,  where  the  broken  ore  had  to  be  raised  to 
the  level  above  and  not  just  allowed  to  fall  by  gravity.  Might  not 
a  training  school  in  a  study  stope  alter  those  conditions  to 
advantage  ? 

The  author  gave  a  few  efficiency  figures  for  breaking  ground. 
Fathoms  presumably  meant  cubic  fathoms  or,  he  asked,  did  it 
mean  square  fathoms  over  a  width  not  given  ;  why  were  cubic 
feet  not  used  as  units  ?  One  had  to  look  from  p.  14  to  p.  36  to 
find  the  usual  efficiency  of  pounds  of  explosive  per  unit  of  advance. 

The  tonnage  broken  per  underground  worker  employed  was 
given,  but  not  the  ratio  of  natives  employed  in  breaking  ground 
to  the  total  native  undergroimd  labour  force,  so  that  it  was  difficult 
to  judge  whether  the  figure  given  was  good,  bad  or  indifferent. 

He  hoped  the  author  in  his  reply  would  round  off  his  paper, 
which  left  so  much  unsaid,  by  filling  in  the  many  gaps  and  so 
completing  an  interesting  descriptive  account  of  an  important 
mining  project. 

Dr.  Keep  said,  regarding  Mr.  Kichardson's  plea  for  the  use  of 
generally-understood  terms  in  place  of  those  of  purely  local  usage, 
that  he  would  like  to  appeal  to  all,  particularly  the  younger  members 
present,  to  get  into  the  habit  of  always  defining  what  ton  they  were 
using.  The  paper  under  discussion  did  not  specify  whether  a  long 
or  a  short  ton  was  used  on  the  mine.  Being  in  South  Africa  it  was 
probably  a  long  ton,  as  in  Canada  it  would  be  usually  a  short  ton, 
but  in  Austraha  it  might  be  either,  and  even  local  knowledge  would 
not  help  one  under  those  circumstances. 

It  had  struck  him,  as  well  as  Mr.  Eichardson,  that  it  was  curious 
that  at  that  mine  winzing  was  preferred  to  raising.     Here  again 
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customs  varied  :  in  Western  Australia  the  miners  detested  raising 
and  always  wished  to  sink,  whereas  in  Canada  the  opposite  held 
trae,  as  it  also  did  on  the  Witwatersrand. 

Professor  C.  W.  Dannatt  said  that  the  dow-sheets  for  the 
East  and  West  mills  were  so  different  that  they  suggested  the 
treatment  of  ores  of  quite  different  types,  yet  there  was  nothing 
in  the  paper  to  indicate  that  that  was  the  case.  He  therefore  asked 
if  the  author  would  explain  the  reasons  for  those  variations. 

Mr.  J.  C.  Mance  said  that  he  could  give  a  little  of  the  early 
history  of  the  Murchison  Range.  He  was  there  40  years  ago  when 
the  Free  State  mine  had  heen  opened  up  fo  200  ft. ;  the  mine 
started  on  a  quartz  reef  and  there  was  rich  gold  and  antimony 
mixed  together.  At  that  level  a  hore-hole  was  put  in  horizontally 
and  a  pyritic  hody  was  struck  carrying  good  gold  values  and  a 
little  antimony,  a  drive  exposing  a  length  of  some  75  ft.  of  ore. 
A  vertical  shaft  was  put  down  600  ft.,  and  the  pyritic  body  was 
struck  at  the  drd,  4th,  5th,  and  6th  levels.  At  the  6th,  where  it 
came  into  the  shaft,  a  crosscut  exposed  a  width  of  90  ft.  of 
minerahzed  body  carrying  gold,  antimony,  and  pyrite.  In  one 
sample  a  8-ft.  section  gave  10  dwt.  gold  to  the  ton.  The  length 
of  driving  in  the  mineralized  body  increased  in  depth  at  the  3rd 
level  some  300  to  400  ft.  and  on  the  5th  some  700  ft.  That  work 
was  for  prospecting  only. 

In  those  days  there  was  no  railway  within  136  miles  of  the 
property,  gold  was  £4  an  oz.,  and  there  was  no  work  on  flotation 
of  antimony  or  anything  like  that. 

Dr.  S.  W.  Smith  said  he  might  perhaps  make  a  comment  on 
the  paragraphs  headed  *  Assaying  '  where  the  procedure  was  given 
for  the  assay  of  gold  and  the  make-up  of  the  stock  flux.  The 
author  said  that  '  per  assay,  100  g.  of  the  stock  flux  was  used  *, 
but  he  did  not  give  the  amount  of  the  sample  taken  for  assay.  If 
*  per  assay  '  meant  1  assay  ton  then  he  thought  with  Dr.  Keep 
that  the  ton  should  be  specified — whether  a  long  ton,  a  short  ton, 
or  a  metric  ton.  The  author  went  on  to  say  that  when  over  3  per 
cent  antimony  was  present  nitre  and  additional  litharge  were 
added,  the  quantity  required  depending  upon  the  amount  of 
antimony  and  being  regulated  by  experience.  It  would  seem 
from  the  paper  that  there  might  be  cases  when  the  antimony  did 
exceed  3  per  cent,  perhaps  to  some  considerable  degree.  As  a 
matter  of  personal  experience  in  assaying  antimonial  gold  ore  he 
had  found  that  it  was  most  important  that  the  nitre  should  not 
merely  be  added  to  the  charge  of  stock  flux,  but  should  first  be 
mixed  intimately  with  the  sample  of  the  ore  itself.  The  object  of 
adding  the  nitre  was,  of  course,  to  oxidize  the  stibnite  as  completely 
as  possible  during  the  earlier  stages  of  the  fusion,  otherwise  some 
metalUc  antimony  would  be  reduced  and  would  pass  into  the  lead 
button  from  which  it  was  difficult  to  remove  it  either  by  nitre  or 
even  by  a  subsequent  scorification.     The  author  said   nothing 
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about  scorification  and  perhaps  he  found  it  was  unnecessary, 
although  one  would  have  anticipated  trouble  in  the  subsequent 
Gupellation  if  that  were  not  done.  He  thought  that  intimate 
mixing  of  sample  and  nitre  was  a  safeguard.  •  It  was  dangerous 
to  rely  merely  upon  a  *  chance  medley '. 

Those  remarks  had  some  relation  also  to  the  subsequent  treat- 
ment of  the  gold  concentrate  by  roasting.  The  author  admitted 
that  antimony  caused  trouble  and  he  said  the  cause  appeared  to 
be  the  fusion  of  stibnito  particles,  which  prevented  further 
oxidation  and  encased  the  gold.  One  would  never,  of  course, 
attempt  to  roast  an  antimonial  gold  ore  for  purposes  of  assay,  but 
it  seemed  necessary  to  \he  author  to  roast  the  concentrate  for  the 
purposes  of  subsequent  treatment.  He  said,  *  helpful  factors 
seemed  to  be  the  insulation  of  stibnite  particles  by  gangue  as  in 
low-grade  concentrate  and  the  existence  of  the  antimony  sulphide 
in  coarse  particles,  e.g.,  m  jig  concentrates  \  The  speaker  wondered 
if  those  two  factors  were  really  effective  in  ensuring  a  smooth  and 
efi&cient  running  of  the  charge  and  a  satisfactory  extraction.  Would 
it  be  out  of  the  question  to  attempt  to  oxidize  the  stibnite  during 
the  roasting  operation  by  some  oxidizing  agent  ?  Stibnite  was 
likely  to  be  an  inherent  source  of  trouble  and  it  might  possibly 
account  for  some  of  the  shortages  in  the  ultimate  extraction  of 
the  gold.  The  hearth  of  the  roasting  furnace,  after  a  period, 
might  be  found  to  carry  values. 

Mr.  F.  D.  L.  Noakes  asked  to  add  a  rider  to  Dr.  Smith's  earUer 
remarks  about  the  assaying  procedure.  He  noticed  that  seven 
parts  of  fluorspar  were  used  in  the  flux  and  he  wondered  what  its 
function  was  and  whether  it  tended  to  give  a  slag  that  was  too  thin. 
Was  it  considerably  cheaper  than  borax  or  did  it  perform  some 
special  function  ? 

The  President  said  that  in  the  earlier  part  of  the  paper  the 
orebodies  were  described  as  lenticular. in  character — those  towards 
the  eastern  end  of  the  mine  generally  pitched  east,  and  those  at 
the  western  end  pitched  west.  The  pitch  of  oreshoots  was  always 
an  interesting  feature,  but  its  explanation  seemed  in  many  cases 
to  be  rather  obscure.  In  view  of  the  fact  that  then'  were  two 
distinct  pitches  in  this  case  it  would  be  interesting  to  hear  if  the 
author  had  any  views  or  explanations. 

Referring  again  to  the  question  of  the  high  assay  plan  factor  : 
one  point  which  he  would  like  to  mention  which  had  a  possible 
bearing  on  the  question,  was  the  obvious  *  spotty  '  and  irregular 
occurrLaice  of  the  gold  there.  It  was  said  that  it  was  patchy  and 
erratic,  and  if  there  were  a  really  appreciable  number  of  places 
where  the  gold  was  occurring  in  that  form  he  thought  it  was 
common  experience  that  higher  results  would  be  obtained  than 
was  indicated  by  any  form  of  sampling  which  one  could  think  of. 
It  depended  on  the  absolute  number  of  the  high  spots  which 
occurred. 
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One  other  part  of  the  paper  which  interested  him  was  the  water 
supply.  It  was  an  interesting  little  scheme  and  admirably 
described,  except  that  there  was  one  vital  figure  which  he  could 
not  see  mentioned — the  '  head  '  from  the  river  to  the  tank  at  the 
mine.  If  that  figure  could  be  given  it  would  complete  an  interest- 
ing account.  The  author  referred  to  the  quantity  of  suspended 
solids  in  the  water  in  the  summer  months  which  made  it  unsuitable 
for  domestic  purposes.  A  filter  had  recently  been  introduced  and 
it  would  be  interesting  to  know  where  the  filter  had  been  fitted. 

In  regard  to  the  figures  of  the  tungsten  carbide  bits  and  drills  he 
would  like  to  know  the  actual  drilling  speed  attained  with  those 
bits,  both  in  the  exceptionally  hard  quartzite  and  in  the  softer 
places.  That  led  him  again  to  the  question  of  drilling  cost, 
because  tungsten  carbide  bits  were  expensive  and  although  they 
gave  remarkable  results  it  was  the  overall  costs  which  mattered  ; 
if  there  was  any  information  available  as  to  the  difference  in  cost 
between  the  use  of  ordinary  bits  and  tungsten  carbide  bits  it  would 
be  interesting  to  have  it. 

If  there  were  any  points  to  which  Mr.  Dennison  wished  to  reply 
the  Meeting  would  be  glad  to  hear  them. 

Mr.  Dennison,  in  reply,  said  he  thought  it  would  be  better 
to  get  correct  repUes  from  the  author,  but  he  would  like  to  tell 
his  friend  Dr.  Keep  that  he  himself  did  not  say  anything  about  loss 
of  fines  in  cut-and-fill,  and  he  would  not  like  that  idea  to  go  any 
further.    He  was  a  great  believer  in  cut-and-fill. 

With  regard  to  electric  lamps ;  he  had  not  meant  to  imply 
that  he  mistrusted  the  ordinary  cap  lamp.  His  doubts  had  been  in 
reference  to  the  new  type  he  had  mentioned. 

Dr.  Keep  had  mentioned  the  large  labour  force.  That  was  very 
much  bound  up  with  the  distance  from  end  to  end  of  the  group  of 
mines.  The  mines  were  very  much  separated  and  it  was  quite  a 
job  getting  ore  from  the  mines  to  the  mill.  That  referred  to  the 
point  raised  by  Mr.  J.  B.  Richardson,  who  asked  why  they  were 
not  joined  up  by  underground  haulage.  That  would  be  an 
extremely  serious  matter  ;  he  was  horrified  when  he  thought  of 
the  amount  of  capital  expenditure  which  would  be  necessary. 

Mr.  Richardson  explained  that  he  said  that  if  prospecting  had 
shown  that  there  was  a  continuous  linp  of  lensos  there  might  be  a 
good  case  for  a  haulage  tunnel. 

Mr.  Dennison  said  that  Prof.  Dannatt  raised  the  point  of  the 
different  flow-sheets  for  the  East  and  West  mills  and  it  might  make 
it  easier  to  understand  if  it  was  realized  that  one  of  the  mills  was 
looked  upon  as  the  gold  mill  and  the  other  was  looked  upon  as  the 
antimony  mill — that  is,  one  had  the  richer  gold  and  the  poor 
antimony  and  the  other  had  the  poor  gold  and  the  richer  antimony. 

He  thought  he  had  better  leave  the  other  points  to  Mr.  Symons 
to  answer. 

The  President  thought  it  would  be  agi-eed  that  the  paper  had 
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stimulated  a  useful  and  interesting  discussion  and  he  hoped  the 
author  would  appreciate  that  the  discussion  was  a  tribute  to  his 
paper.  He  proposed  a  hearty  vote  of  thanks  to  the  author  for 
his  excellent  paper  and  to  Mr.  Dennison  for  introducing  it. 


CONTRIBUTED  REMARKS 

Mr.  G.  F.  Laycock :  I  am  sorry  I  was  unable  to  be  present  at 
the  meeting  when  this  interesting  paper  was  submitted  for 
discussion.  There  are  several  points  under  '  Prospecting  '  that  are 
not  quite  clear  to  me  and  if  these  have  not  already  been  raised  I 
would  like  to  ask  the  following  questions  : 

Is  the  amount  of  8s.  8d.  per  ft.  of  diamond  drilling  an  overall 
cost  or  does  this  only  refer  to  the  cost  of  the  cast-set  bits  ?  If  it 
is  an  overall  cost  it  is  remarkably  cheap  and  I  would  like  to  see 
this  figure  broken  down  into  itemized  costs.  If,  on  the  other 
hand,  it  represents  only  the  cost  of  the  bits,  what  is  the  total 
drilling  cost  ? 

A  systematic  programme  of  drilling  from  surface  along  the 
entire  line  of  favourable  country  is  much  to  be  commended, 
provided  it  does  not  prove  too  costly.  Have  geophysical  survey 
methods  been  employed  or  considered  or  is  the  mineralization  too 
inert  to  give  the  necessary  reactions  ? 

The  author  statics  that,  to  promote  speed  in  drilling,  cores  are 
taken  only  at  Ukely  horizons.  Does  this  mean  that  a  change-over 
to  non-coring  bits  is  made  between  these  horizons  or  are  the  cores 
allowed  to  grind  themselves  away  ?  Are  any  sludge  samples 
taken  ? 

It  is  interesting  to  hear  that  '  owing  to  the  sporadic  distribution 
of  mineralization  no  great  reliance  is  placed  upon  assays  from 
individual  holes.'  Are  any  of  the  holes  deflected  so  as  to  obtain 
two  or  more  intersections  of  the  orebodv  for  each  set-up  of  the 
drill  ? 

Mr.  N.  W.  Wilson  :  In  my  opinion  broad  shallow  folds,  with 
subvertical  or  pitching  axes,  in  the  quartzite  '  bars  '  are  ultimately 
responsible  for  the  association  of  antimony  orebodies  and  hills. 
Aerial  photographs  show  the  folds  clearly.  Movements  that  accom- 
panied and  followed  folding  would  open  channels  for  ascending 
siliceous  fluids.  Analogically  the  pegniatization  of  the  chlorite 
schists  near  a  sharp  fold  in  the  Antimony  *  Bar  '  makes  a  hillock 
a  few  hundred  feet  from  the  Banded  Ironstone  Shaft  and  illus- 
trates the  process  of  hill  formation  on  a  small  scale. 

Although  antimony  minerals  are  very  uncommon,  or  even 
absent,  in  the  banded  ironstones  at  the  Banded  Ironstone  Shaft 
they  were  stoped,  I  think,  on  the  1st  and  2nd  levels  of  these  workings 
in  a  thin  band  of  dolomitic  sediments  immediatelv  south  of  the 
main  banded  ironstone. 

Abundant  actinolite  (?)  crystals  in  the  dark  green,  much  sheared. 
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chlorite  schist  a  few  hundred  feet  south  of  the  Weigel  antimony 
orebodies  may  mean  that  the  sediments  include  volcanic  flows. 
The  actinolitic  (?)  band  is  particularly  obvious  near  the  pump 
chamber  on,  I  think,  the  6th  level  after  about  an  inch  of  whitewash 
has  been  chipped  off. 

Why  cinnabar  should  occur  only  from  Monarch  Kop  eastwards 
and  why  the  western  orebodies  would  pitch  westwards  and  the 
eastern  bodies  eastwards  are  questions  that  remain  to  be  answered. 

Mr.  Symons  does  not  Ust  Jack  East,  some  old  formerly  inaccessible 
workings  several  hundred  yards  east  of  United  Jack  Kop,  as 
productive.  Tests  of  these  workings  at  depth  by  the  surface  drills 
now  at  tl^e  Company's  disposal  might  disclose  some  ore.  I  am  glad 
the  Company  eventually  acquired  the  Gravelotte  mine  as,  four  or 
five  years  ago,  I  suggested  to  Messrs.  L.  8.  Cooke  and  J.  W.  Findlay, 
then  respectively  assistant  consulting  engineer  and  mine  manager, 
that  they  should  take  a  development  option  on  the  property. 
Because  of  the  lower  price  of  antimony  and  the  difficulty  and  cost 
of  lorry  transport  at  that  time  nothing  was  done. 


■  body  is  iM>t  rtepnmlbh  lor  ttas  <tatiiniiat»  mwle  or  wpjtihw 
'  io  any  of  Ito  puUicatlooo. 


AUTHOR'S  REPLY  TO  DISCUSSION*  ON 
A  Simple  Flotation  Cell 

By  E.  J.  Pryor,  Member,  and  K.-B.  Liou,  Stadeni 

Mr.  £.  J.  Pryor  :  As  it  has  not  proved  possible  to  uiako  contaot 
with  Mr.  K.-B.  Liou,  the  writer  is  alone  responsible  for  the  following 
remarks.  Answering  Dr.  Sutherland,  turbulence  is  assumed  by 
the  author  to  provide  only  a  transporting  force.  If  its  action  upon 
particle  and  air-bell  brought  them  into  collision,  adherence  might 
or  might  not  follow.  The  tenacity. of  any  such  adherence  would 
be  a  resultant  of  the  ultimate  forces  seeking  to  maintain  the  particle 
in  contact  with  air  and  those  seeking  to  re-wet  its  surface  and  to 
pull  it  downward  by  gravity.  Theoretically,  .it  should  be  possible 
to  state  the  strength  of  these  forces  in  terms  of  the  surface  tensions 
of  particle,  water,  and  compounds  in  solution.  Practically,  only 
an  indirect  and  insufficiently  dependable  method  of  assessing  the 
Horface  tension  of  soUds  is  at  present  available.  The  writer  agrees 
that  the  induction  period  is  of  critical  importance.  During  this 
period  the  air  inside  the  bell  must  displace  water  from  the  particle 
surface.  Research  now  in  progress  at  the  Royal  School  of  Mines 
may  in  due  course  throw  more  Ught  on  this  obscure  process. 

Dr.  Hallimond*s  cell  is  a  valuable  aid  in  research  and  the  sintered 
glass  pad  added  by  the  AustraUan  workers  is  much  appreciated  in 
the  Bessemer  Laboratory.  The  essential  features  of  the  cell — 
cleanliness,  observation,  control  and  simpUcity — shorten  research 
work  considerabl3\  Commenting  on  Dr.  HaUimond*s  remarks 
concerning  reaction  of  the  frothing'  agent  with  the  bubble  surface, 
the  position  is  this  :  At  the  instant  when  an  air-bell  emerges  into 
the  ore-pulp  in  a  flotation  cell  the  surface  tension  of  the  air/water 
system  is  high — say  72*80.  This  high  potential  energy,  temporarily 
created  in  the  system  by  the  force  used  to  introduce  the  air-bell, 
seeks  to  reduce  itself  to  a  minimum.  It  can  do  so  in  several  ways, 
one  obvious  method  being  by  replacement  of  water  with  something 
having  a  lower  surface  tension.  If  frothing  agent — e.g.  pine  oil — 
is  dissolved  in  distilled  water  in  a  cylinder  and  a  stream  of  air- 
bells  is  then  blown  in  at  the  bottom,  molecules  of  pine-oil  will  be 
carried  to  the  air/liquid  interface  and  there  remain,  since  the 
siuiace  tension  of  pine  oil  is  far  below  that  of  water.  The  air- 
l>el]s  now  rise  and  burst  at  the  surface,  stripping  the  water  of  its 
frotliing  agent  and  concentrating  substantially  the  whole  of  the 
pine  oil  at  the  top  of  the  column  of  water  in  the  cylinder.  The 
implications  of  this  fact  are  too  compUcated  to  be  discussed 
^exhaustively  here,  but  the  phenomenon  plays  an  important  part 
in  froth  flotation. 

Mr.  Yeates's  comparison  of  the  Pryor  cell  with  the  one  developed 
by  those  great  pioneers  of  flotation,  Sulman  and  Picard,  is  timely. 

*BuU.  505,  Dec.  1948. 
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Tho  greatest  single  contribution  since  that  day  has  been,  in  the 
author's  opinion,  the  development  of  captive-bubble  methods  of 
testing  ores  at  various  levels  of  investigation.  As  Mr.  Fleming 
has  reminded  us,  we  owe  a  great  deal  to  the  team  of  Melbourne 
workers  (of  which  Dr.  Sutherland  was  a  distinguished  member) 
tliat  has  done  so  much  to  develop  its  practical  use. 

Replying  to  the  remarks  of  Mr.  Wood,  Mr.  Rickard  had  mentioned 
the  use  of  emulsified  pine  oil.  The  author  finds  this  adequate. 
A  geometrical  segment  of  a  cake  filtered  from  the  pulp  in  a  pressure 
or  vacuum  filter  is  also  employed  in  the  Bessemer  Laboratory  to 
ensure  accurate  subdivision.  Due  care  is  sometimes  needed  to 
ensure  that  abnormal  oxidizing  conditions  are  not  set  up.  The 
author  has  no  experience  in  testing  samples  which  have  been 
ground  dry,  and  considers  grinding  under  water  an  essential  factor 
in  controlling  the  surface  of  the  ore  during  the  later  stages  of 
comminution.  He  hopes  nothing  in  the  paper  has  suggested  to 
Mr.  Wood  that  the  author  favours  flotation  immediately  after  dry 
grinding. 

Mr.  Doughty  rightly  insists  that  the  place  for  ore  testing  is  the 
laboratory,  not  the  field.  Research  work  now  proceeding  in  the 
Bessemer  Laboratory  is  throwing  Ught  on  the  physics  of  bubble 
action  and  it  is  hoped  that  the  results  may  prove  of  sufficient 
importance  for  later  publication.  In  the  jneantime,  the  Pryor 
cell  is  proving  to  be  one  of  a  number  of  useful  tools  in  this  investi- 
gation. The  physics  of  particle/air /water  attachment  are  far 
more  complex  than  would  appear  from  the  published  Uterature, 
and  more  knowledge  of  them  is  needed  if  froth  flotation  is  to  be 
applied  to  ores  at  present  considered  unfloatable.  The  author 
considers  uufloatability  of  any  mineral  as  a  technical  challenge, 
not  as  an  impossibility. 

With  regard  to  Mr.  Wood's  remark  concerning  the  ^H  at  which 
galena  could  be  floated,  this  raises  an  issue  rather  beyond  the 
scope  of  th(>  paper.  Its  authors  have  not  suggested  that  the 
limiting  pK  fur  the  given  concentration  of  the  given  collector  in 
distilled  water  at  the  temperature  shown  is  appUcable  to  any  other 
conditions.  Again,  it  is  not  minerals  that  are  floated,  but  surfaces, 
and  the  generic  term  *  galena  '  can  cover  a  variety  of  contaminations 
which  seriously  affect  the  pH  limits.  In  certain  cases  repeated 
distillation  of  the  water  used,  together  with  scrupulous  purification 
of  every  surface  coming  in  contact  with  the  water,  is  essential  in 
fundamental  research,  and  one  must  be  prepared  to  use  electron - 
diffraction.  X-ray  powder  analysis,  or  spectrography  before  one 
can  be  sure  that  an  aberration  is  not  due  to  the  sorption  of  trace 
elements  bj'  apparently  pure  minerals. 
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NOTICE  OF  GENERAL  MEETING 

The  Seventh  Ordinary  General  Meeting  of  the  Fifty-Eighth  Session  of 
the  Institution  of  Mining  and  Metallurgy  will  be  held,  by  kind  permission, 
in  the  Apartments  of  the  Geological  Society,  Burlington  House,  Piccadilly, 
London*  W.  1,  on  Thursday,  21st  April,  1949,  at  5  p.m. 

The  discussion  on  Geophysics  and  economic  geology,  by  Dr.  J.  McG. 
Bmokshaw,  which  occupied  the  whole  of  the  last  Meeting,  will  be  resumed 
daring  the  first  half-hour. 

Hie  paper  entitled  Recovery  of  sulphur  from  smelter  gases  by  the 
Orkla  process  at  Rio  Tinto,  by  Messrs.  H.  R.  Potts  cmd  E.  G.  Lawford, 
which  is  published  in  this  Bulletin,  will  then  be  submitted  for  discussion, 
and  will  be  introduced  by  Mr.  Lawford. 

lig^t  refreshments  will  be  provided  at  4.30  p.m.  for  members  and 
viBttari  attending  the  Meeting. 

The  Council  invite  written  contributions  to  the  discussion  of  papers 
from  members  who  may  be  imable  to  be  present  at  the  Meetings  of  the 
Inetitution.  The  Ck>uncil  reserve  the  right  to  edit  and  condense  such 
eontributions. 
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INSTITUTION  NOTES 


Bye- laws  of  the  Instltutioii 

The  revised  Bye-laws  of  the  Insti- 
tution were  allowed  by  His  Majesty's 
Privy  Council  on  20th  February, 
1949,  and  are  now  in  force.  A  copy 
of  the  Royal  Charter  and  new  Bye- 
laws  is  circulated  to  members  of  the 
Institution  with  this  issue  of  the 
BuUeiin. 

The  attention  of  members  is  drawn 
particularly  to  the  following  : 

Associate  Members. — All  persons 
whose  names  were  on  the  Register 
of  Associates  on  20th  February, 
1949,  are  now  Associate  Members. 
Members  £uid  Associate  Members 
together  comprise  the  Corporate 
Members  of  the  Institution. 

AffilicUes. — A  new  class  of  Non- 
corporate members  has  biH»n  created, 
that  of  Affiliates  (see  Bye-law  6). 

Membership  abbreviations, — 
Authorized  abbreviations  denoting 
membership  of  the  Institution  (see 
Bye-law  8)  are  now  ba  follows  : 

Honorary  Member  Hon.  M.I.M.M. 

Member  ...         ...  M.I.M.M. 

Associate  Member  A.M.I.M.M. 

Affiliate   ...  ...  Affiliate  I.M.M. 

Student  ...         ...  Student  I.M.M. 

Annual  Dinner,  1949 

The  Animal  Diiuier  of  the  Institu- 
tion, after  a  lapse  of  two  years,  will 
be  held  at  the  Savoy  Hotel,  Strand, 
London,  W.C.  2,  on  Thursday,  5th 
May,  1949,  at  7  for  7.30  p.m.  Appli- 
cations for  tickets  (price  £1  5s.  eaeh) 
should  bo  made  not  later  than 
Monday,  25th  April. 

Annual  General  Meeting 

The  Annual  General  Meeting  of 
the  Institution  will  bo  held  on 
Thursday,  19th  May,  1949.  A  notice 
of  the  Meeting  will  appear  in  the 
May  Bulletin^  which  will  also  contain 
the  Aimual  Report  of  the  Council. 

March  General  Meeting 

The  Sixth  Ordinary  General  Meet- 
ing of  the  Session  was  held  at  the 
G^eological  Society  of  London  on 
Thursday,  17th  March.  1949,  when 
about  90  members  and  visitors 
attended  to  hear  the  discussion  on 
*  Geophysics  cuid  Economic  Geology  *. 
The  author.  Dr.  Bruckshaw,  was 
present  and   introduced   his  paper. 


and  a  report  of  the  discussion  Will  be 
publisheKl  in  the  Bulletin  for  Bfay. 
As  there  was  not  time  for  all  intend- 
ing speakers  to  take  part  during  the 
evening,  the  discussion  will  be 
resumed  at  the  April  General  Meeting. 

Fifty- Eighth  Session,  1948-49 : 
Dates  of  Subsequent  Meetings 

The  following  are  the  dates  fixed 
for  General  Meetings  of  the  Institu- 
tion during  the  remainder  of  the 
Session  1948-49  : 

19th  May,  1949. 
16th  June,  1949. 
(These  dates  are  the  third  Thurs- 
day of  the  month.) 

Transactions  :    i5-year  Index  to 
Volumes  41-55 

An  index  to  Volumes  41-55  of  the 
Transactions  of  the  Institution  is  in 
preparation  and  will  be  published  in 
due  course.  One  copy  of  this  Index 
will  be  available  free  of  charge  to 
each  member  of  the  Institution  who 
orders  it  in  advance,  and  those  who 
wish  to  have  the  Index  are  asked  to 
inform  the  Secretary  by  3l8i  Jtdy^ 
1 949.  An  order  form  for  this  purpose 
will  shortly  be  sent  to  all  members 
of  the  Institution. 

Malaria  Control  Course  for 
Laymen 

The  *  lay '  course  in  malaria 
control  for  planters  and  miners  is 
to  be  re-established  by  the  Ross 
Institute  and  will  be  held  from 
18th  to  22nd  July,  1949. 

The  following  is  an  extract  fix)m 
a  notice  circulated  by  the  Director 
of  the  Ross  Institute  of  Tropical 
Hygiene  : 

*  Before  the  war  this  course  was 
very  successful  and  greatly  appre> 
ciated.  It  was  the  main  agency 
which  produced  a  generation  of 
planters  and  miners  who  not  only 
understood  the  gravity  of  malaria 
but  had  a  considerable  special 
knowledge  of  how  it  could  be 
controlled. 

*  This  generation  is  now  growing 
older  and  is  being  replaced  by  one 
without  this  knowledge,  which  is  as 
necessary  for  efficiency  and  economy 
in  these  days  of  D.D.T.  and 
pcJudrine  as  it  was  before. 
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*  Future  programmes  of  instruo- 
tion  win  droend  very  much  on  the 
saocesB  of  this  next  course.  Your 
active  co-operation  in  securing 
«ttciiidanoe  at  this  course  will  be  of 
great  help  in  ensuring  their  con- 
tinuation, and  is  earnestly  requested. 

'  It  would  be  appreciated  if 
agencies  and  firms  would  inform  their 
managers  and  assistants  that  the 
course  is  being  organized  and 
encourage  and  assist  them  to  attend. 
There  is  no  fee.' 

Notification  of  intention  to  attend 
the  course  should  be  sent  as  soon  as 
possible  to  the  Organizing  Secretary, 
Koss  Institute  of  Tropical  Hygiene, 
Keppel  Street,  Gower  Street, 
London,  W.C.  1. 

Candidates  for  Adnodssion 

The  Council  leHcome  communications  to  assist 
them  in  deciding  whether  the  qualifications  of 
eandidaUs  for  admission  into  the  Institution  fulfil 
the  requirements  of  tlw  Bjfe-Laws.  The  apjAi- 
cation  forms  of  candidates  {other  than  those  for 
Studentship)  tcill  he  open  for  itupertion  at  the 
office  of  the  Institution  for  a  periotl  of  at  least  two 
numths  from  the  date  of  the  Uu  I  let  in  in  trhich  their 
npplicatitms  are  nnnounceiL 

The  following  have  applied  for 
transfer  since  10th  March,  1949  : 

To  Membership — 
John  George  Berry  {Ohatsila,  India). 
Gustav  Anthony  SchnellmsLnn  {Egre- 

morU,  Cumberland). 
Patrick    Francis    Whelan    {Bristol, 

Olottcestershire ) . 

To  Associate  Membebship — 
Howard    Frederick    Burton    {Dart- 

ford,  Kent). 
Cecil    Basil    Curtis    {Prestea,    Gold 

Coast  Colony). 
Denzil  Vincent  Sydney  Dunn  {Fila- 

busi.  Southern  Rhodesia). 
John     Eddy     Kemick     {Champion 

Reefs,  India). 
Terence  Albert  Rodgers  {Vatukoukit 

The  following  have  applied  for 
admission  since  10th  March,  1949  : 

To  BIembership — 
William  Reid  {Crossgates,  Fifeshire). 

To  Associate  Membership — 
Harold  David  Blackburn  {Neivcastle- 

upon-Tifnef  Northumberland). 
Donald     Raymond     Carlton     {Jos, 

Northern  Nigeria). 
Femleigh     Edmondson     {Joftannes- 

burg,  Transvaal). 
Ames     Gresley     Hellicar     {Chester, 

Cheshire). 


Kabool     Chand     BWthal     {Ruwan- 
weUa,  C^lpn). 

To  Studentship — 

Harry    Ivor    Dunstan    {Camborne, 

ComuxUl), 
Michael     Andrew     Grigg     {Thames 

Ditton,  Surrey). 
Alexander  Richard  Hanvey  {Belfast, 

Northern  Ireland). 
Charles  Vivian  Hickson  {Camhome, 

ComuxUl). 
Colin  McKechnie  Marshall  {Dunedin, 

New  Zealand). 
John  Samuel  Slaney  {London). 
Stanislaw  Tokarski  {Camborne,  Com- 

waU). 
James  Brian  Wall  {Camborne,  Com- 

waU). 

News  of  Members 

Memhers^  Associate  }f embers  and  Students  are 
invited  to  supply  the  Hecretarif  with  personal  news 
for  publication  under  this  Iteading. 

Mr.  H.  C.  T.  Brown,  Associate 
Member,  has  left  Nigeria  on  his 
return  to  England. 

Mr.  A.  Carstairs,  Associate  Mem- 
ber, has  joined  the  staff  of  Settling- 
stones  Mines,  Ltd.,  Northumberland. 

Mr.  J.  H.  Chalk,  Associate 
Member,  has  joined  the  stckfT  of  the 
Colonial  Development  Corporation. 

Mr.  A.  Savile  Davis,  Member, 
expects  to  be  in  England  in  June. 

Mr.  R.  W.  Diamond,  Member,  has 
been  awarded  the  Julian  C.  Smith 
medal  of  the  Engineering  Institute 
of  Canada  for  *  achievement  in  the 
development  of  Canada  *. 

Mr.  A.  H.  Douw,  Member,  has 
resigned  from  the  staff  of  Goldfields 
Rhodesian  Development  Co.,  Ltd., 
and  is  now  in  private  practice  in 
Bulawayo. 

Mr.  D.  Dunn,  Student,  has  been 
transferred  from  the  Bushtick  mine 
to  Killamey  mine,  Southern  Rho- 
desia. 

Mr.  J.  H.  Gibbons,  Associate 
Member,  has  moved  to  Bindura, 
Southern  Rhodesia. 

Mr.  T.  C.  F.  Hall,  Member,  is 
returning  to  England. 

Mr.  S.  Haymes,  Associate  Member, 
has  relinquished  the  position  of 
manager  of  British  Guiana  Consoli- 
dated  Goldfields,  Ltd.,  and  has 
joined  Axel  Johnson  &  Co.,  Inc., 
as  general  manager  of  their  mining 
operations  at  Baramita  in  the  North- 
West  District  of  British  Guiana. 
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Mr.  John  Hunteb,  A8sooi€Ue 
Member,  has  returned  to  the  Gold 
Ck>a8t. 

Mr.  R.  Kenneth  MoLbod,  Asso- 
ciate M ember ,  is  returning  to  England 
firom  Tanganyika  on  six  months* 
leave. 

Mr.  D.  MoCoRBacK,  AasocicUe 
Member,  hoa  loft  the  Mines  Depart- 
ment, New  Zealand,  and  is  now 
engaged  as  geologist  to  Austra- 
lasian Petroleum  Co.,  at  Port 
Moresby,  Papua. 

Mr.  J.  M.  H.  0*Rbiixy,  Student, 
has  arrived  in  Malaya  from  New 
Zealand. 

Mr.  P.  H.  G.  Owen,  AssodtUe 
Member,  is  on  leave  in  England 
from  Southern  Rhodesia. 

Mr.  G.  C.  PBNonxY,  Student,  has 
joined  the  staff  of  the  Directorate  of 
Opencast  Coal  Production,  Ministry 
of  Fuel  and  Power,  Newcastle. 

Mr.  R.  Quirk,  Associate  Member, 
has  been  appointed  assistant  super- 
intendent of  Cerro  de  Pasco  Copper 
Corporation,  Morococha  Department. 

Mr.  A.  F.  Skebl,  Associate  Mem- 
ber, has  returned  to  Tanganyika 
Territory. 


Mr.  R.  Smytiib,  Associate  Member, 
has  returned  to  India  from  England. 

Mr.  D.  Stanton,  Member,  has  left 
England  on  a  visit  to  Sierra  Leone. 

Mr.  G.  M.  Stockley,  Member,  is 
returning  to  England  on  leave  from 
Tanganyika  Territory. 

Mr.  J.  F.  A.  Taylor,  Student,  has 
left  England  to  join  the  Department 
of  Lands,  Mines  and  Surveys,  Fiji. 

Mr.  F.  W.  A.  TiBCMS,  Associate 
Member,  has  arrived  in  England  on 
leave  from  the  Gold  Coast. 

Mr.  E.  H.  Treoonino,  AssocieUe 
Member,  has  left  England  on  a  brief 
visit  to  the  Rand  and  to  the  Northern 
Rhodesian  copper  belt,  and  expects 
to  return  early  in  May. 

Mr.  W.  J.  Trythaix,  Associate 
Member,  is  returning  this  month  to 
the  United  Kingdom  on  leave  from 
the  Gold  Coast. 


Addresses  Wanted 

A.  Armstrong. 

D.  S.  Broadhurst. 
J.  B.  Cocking. 

E.  Dickson. 
J.  F.  Durling. 


K.  A.  Knight 

Hallowes. 
R.  B.  Hicks. 
G.  H.  Pinfield. 
A.  I.  Scott. 
A.  Sloss. 
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Hugh  Frederick  Marriott,  a  Past-President  of  the  Institution,  died  on 
2nd  March,  1 949,  at  his  homo  in  Northamptonshire  at  the  age  of  80.  He 
was  educated  at  Bishops  Stortford  Grammar  School  and  from  1886  to  1891 
was  a  student  at  the  Royal  College  of  Science  and  the  Royal  School  of 
Minos,  where  he  obtained  the  A.R.C.S.  in  Geology  and  the  A.R.S.M.  in 
Mining.  He  worked  for  six  months  on  silver-lead  and  copper  mines  in  the 
Spanish  Pyrenees  as  assistant  to  Mr.  P.  W.  Stuart-Menteath,  and  in  May, 
1892,  was  engaged  as  assistant  to  Mr.  Hennen  Jennings  in  the  engineering 
department  of  Messrs.  H.  Eckstein  &  Co.,  Johannesburg,  with  whom  he 
remained  until  liis  transfer  in  1905  as  consulting  engineer  to  Messrs. 
Wemher,  Beit  &  Co.  and  their  successors,  the  Central  Mining  and  Invest- 
ment Corporation,  Ltd.  During  this  j>oriod  he  was  responsible  for  putting 
down  the  first  bore-hole  that  proved  the  extension  in  depth  of  the  gold- 
bearing  reefs  of  the  Witwatorsrand. 

In  1923  Mr.  Marriott  set  up  in  private  practice,  and  acted  as  British 
Government  representative  at  the  Pan-Pewjific  Science  Congress  in  Australia, 
and  in  the  following  year  represented  the  Union  of  South  Africa  at  the 
Empire  Mining  and  Metallurgical  Congress  in  London.  He  hfiid  held  the 
position  of  Governor  of  the  Imperial  Institute.  He  was  associated  with 
the  Panama  Corporation  Ltd.,  and  was  president  of  its  successor,  Panama 
Corporation  (Canada)  Ltd.  Mr.  Marriott  was  also  British  Government 
director  of  Magadi  Soda  Co.,  Lt<l.,  and  Somaliland  Petroleum  Co.,  Ltd. 

Ho  was  elected  to  membership  of  the  Institution  in  1902  and  served  on 
the  Coumnl  from  1907,  being  Vice-President  for  the  period  1912-1915, 
and  President  of  the  Institution  for  the  Session  1918-19.  He  was  active 
in  securing  the  Institution's  Royal  Charter  granted  in  1915. 

Mr.  Marriott  contributed  three  papers  to  the  Transactions  of  the 
Institution:  *  Deep  borehole  surveying*  (vol.  14,  1904-5);  *A  record 
of  an  investigation  of  earth  temperatures  on  the  Witwatorsrand  goldfields 
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and  their  relation  to  deep  level  mining  in  the  locality '  (vol.  15,  1905-6) ; 
and  *  A  visit  to  the  mineral  deposits  of  Canada  \  submitted  jointly  with 
Mr.  William  Frechville  (vol.  15,  1905-6).  He  was  awarded  *  The  Consoli- 
dated Ck>ld  Fields  of  South  Africa,  Ltd.'  Gold  Medal  and  Premium  for 
1906  in  recognition  of  his  researches  on  deep  bore-holes  and  deep  bore-hole 
surveying. 


The  Council  regret  to  report  the  death  of  Cecil  Pearse,  Member,  on  29th 
June,  1948  ;  and  William  George  Wagner,  Member,  on  19th  Meut^h, 
1949.     Obituary  notices  will  be  published  in  a  later  issue  of  the  Bulletin. 


ADDITIONS  TO  JOINT  LIBRARY  OF  THE  INSTITUTION 
AND  THE  INSTITUTION  OF  MINING  ENGINEERS 

Books  {exduding  tcorks  marked  *)  map  be  borrowed  by  tnembert  per$onaUy 
or  by  post  from  the  Hbrariati,  424,  Salisbury  House,  lAmdon,  B.C.  2. 
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B.8.  1414:  1949,  flanged  steel 
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tyilves  for  the  petroleum  industry. 

29  p.  7s.  6d.  ;  B.S.  1460  :  1948, 
precipitated  calcium  carbonate 
{determination  of  density  after 
compaction).  10  p.  28.  B.S.  1470: 
1948,  wrought  aluminium  and 
aluminium  alloys,  sheet  and  strip. 

30  p.  3s.  6d.  London  :  The 
Institution,     1948. 

Canadian  Institute  of  Mining 
AND  Metallurgy.  Structured 
geology  of  Canadian  ore  deposits. 
A  symposium  arranged  by  a 
Committee  of  the  Geology  Divi- 
sion. Montreal :  The  Institute, 
1948.  948  p.,  illus.,  maps,  biblio. 
$10. 

Cakvel,  John  L.  The  CoUness  Iron 
Company :  a  study  in  private 
enterprise.  Privately  printed  by 
T.  and  A.  Constable  Ltd.,  Edin- 
burgh    200  p.,  illus. 

Otaoo  Untversity,  School  of 
Mines  and  Metallurgy.  Annual 
bulletin  and  report  of  the  director 
far  the  year  1948.  Dunedin,  N.Z.  : 
The  University,  1948.     20  p. 

Rhodesia.  Ceiamber  of  Mines. 
Ninth  annual  report  for  the  year 

1947.  Salisbury  :    The  Chamber, 

1948.  44  p. 

Upsala  University,  Geolooicai. 
Institution.  Bulletin,  vol.  32. 
Upsala:  The  University,  1948. 
483  p.,  illus. 

♦WoBiJ>  Power  Ck)NFBRENCE. 
StatiMietU  yearbook   .    ,    .no.    4  : 


data  on  resources  and  annual 
statistics  for  1936-1946.  Frederick 
Brown,  ed.  London  :  The  Ck)n- 
ference,  1948.     212  p.     458. 

Govemment  Publications : 

Canada,  Bureau  of  Mines.  The 
Canadian  mineral  industry  in  1946, 
(Pub.  no.  824.)  Ottawa:  Gox-t. 
Printer,  1948.     26  cents. 

Canada,  Bureau  of  Mines.  Sum- 
mary of  investigations  on  New 
Brunswick  oil  shales.  (Pub.  no. 
826.)  Ottawa:  Govt.  Printer, 
1948.  24  p.,  illus..  maps. 
16  cents. 

Canada,  Royai.  Commission  on 
Coal.  Report  of  the  .  .  .  1946. 
Ottawa :  King's  Printer,  1947. 
663  p.,  maps,  tabs.,  diagrs. 

RoDENWALDT,  Enist,  scnior  author. 
Hygiene  :  parts  2  and  3,  preventive 
and  industrial  medicine,  and 
epidemiology.  {F.I.A.T.  review 
of  Oerman  science,  1939-1946.) 
Germany :  Military  Govt.,  1948. 
213,  366  p.  (German  text). 

Proceedings  and  Reports  : 

American  Society  of  Crvn* 
Engineers.  Transactions,  vol.  113, 
1948.  New  York  :  The  Society, 
1948.     1677  p.,  iUus. 

Institution  of  Mining  Engineers. 
Transactions,  vol.  107,  1947-1948. 
London :  The  Institution,  1948. 
709  p..  illuK. 

Maps : 

British  Columbia,  geological  map. 
G&ological  survey,  map  932A. 
Scale  :  1  in.  =  20  ml.  Ottawa  : 
Dep.  of  Mines  and  Resources, 
1948.     2  sheets. 
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Chalco  Lake,  Northwest  Territories. 
Qeological  survey,  second  pre- 
liminary map  48-20.  Scale  2  in. 
=  1  ml.  Ottawa  :  Dep.  Mines  and 
Resources,  1948. 

Crouxiuck  Bay,  Manitoba.  Qeological 
survey,  preliminary  map  48-22. 
Scale  :     2    in.  =  1    ml.       Ottawa  : 


Dep.    of   Mines    and    Resources,. 
1948. 

TcUeu  River,  British  Columbia. 
Qeological  survey,  map  031A. 
Scale  :  1  in.  =  2  ml.  Ottawa  : 
Dep.  of  Mines  and  Resources^ 
1948. 
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script.) 
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Bulletin  de  documentation  technique 
no.  7.— Inst.  Hyg.  Min.  iPubl.),  Haaselt,  Qen. 
90,  Nov.  SO  1948,  23  p.,  tabs.    (Typescript.) 

8    EGONOMIGS 
881    Labour 

331.2(682) 

Conditions  in  the  gold  indoitiT ;  further 
evidence  to  Commission. — 8.  Afr.  If  in.  Engng. 
/.,  J*burg,  69,  Pt.  2.  1949,  Jan.  20,  643-6, 
tabs. ;  Feb.  6,  675-9,  tabs. 

8d8    Production 

838(675) 

Qaelqnes  aspects  de  la  situation  economique 
da  Congo  Beige.  (Mineral  production  statistics 
from  1938.)  G.  Borgniez.— Pu62.  Ass.  Ing. 
Fac.  Polft.  3ions,  96,  Fasc.  .1,  1948,  2.3-31, 
tabs. 

888J»    Prices 

338.5  :  553 

Mineral  and  metal  prices ;  an  analysis  of 
the  relation  of  price  to  supply.  B.  F. 
Podmore. — Min.  Mag.,  Tx>nd.,  80*  Jan.  1949, 
23-5.    Is.  6d. 

338.5  :  553 

The  premium  price  plan — its  cost  and  its 
results.  (For  copper,  lead,  sine.)  Ucnning 
£.  Olund  and  Samuel  A.  Gustavson. — Engng. 
Min.  J.,  N.Y.,  149,  Dec.  1948,  72-8,  tabs. 
50  cents. 

68    PHYSICS 

539.215.4 

The  classiBcation  of  powder  particle  size  by 
sieve.  (Including  a  comparison  of  the  B.S., 
D.I.N.,  I.M.M.,  and  Tyler  test  sieves.) 
T.  BnrchelL — Murex  Iter.,  Rainham,  Essex,  1, 
No.  2,  1948,  33-8,  tabs. 

549    MINERALOGY 

549.355.1 

Solid  solution  of  tetrahedrite  iu  cbalco- 
pyrite  and  bomite.  A.  B.  Edwards — Proc. 
Au^.  Inst.  Min.  MetaU.^  Melbourne,  Nos. 
143-144,  Sept.-DcH\  1946.  141-55,  illus., 
bIbUo. 

549.9(794) 

Minerals  of  California.  Joseph  Murdoch 
and  Robert  W.  Webb.— jBuff.  Calif.  Div.  Min. 
no.  136,  San  Pmnciflco,  June  1948,  402  p., 
illus.,  biblio. 


66    GEOLOGY 

66(...)    Regional 

56(676.2/.9) 

Geology  of  northern  Kenya.  Pt.  I — 
(Geology  and  morphology  of  northern  Keoja ; 
pt.  2 — Jurassic  suoo^sion  of  north-east . 
Kenya  and  the  Juba  river.  F.  Dixey. — 
Rep.  geol.  8urv.  Kenya,  no.  15,  Nairobi,  1948» 
43  p.,  illus.,  maps,  biblio.     28. 

55(676.5) 

A  geological  reoomiaissance  of  the  area 
west  of  Kitui  township  (with  coloured  geo> 
logical  map).  J.  J.  Schoeman. — Rep.  geol. 
Surv.  Kenya,  no.  14,  Nain>l>i,  1948,  43  p., 
map,  biblio.    2s. 

55(711.14) 

Taku  river  map-area,  Britisli  Columbia;. 
F.  A.  Kerr. — Canad.  Geol.  Surv.  Mem.  MS, 
Ottawa,  1948,  84  p.,  illus.,  maps,  diagXB., 
tabs.,  biblio.    25  cents. 

66(713.31) 

Preliminary  report  on  Echo  township, 
district  of  Kenora.  H.  S.  Armstrong. — OiK. 
Dep.  Jffn.  Rep.  P.R.  1948-10,  Toronto, 
1948,  5  p.,  maps. 

56(713.8) 

Preliminary  report  on  the  geology  of 
Darling  township  and  part  of  Lavant  township, 
Lanark  county.  P.  A.  Peach. — Ont.  Dep. 
Min.  Rep.  P.R.  1948-12,  Toronto,  Dec. 
1948,  3  p.,  mi^. 

55(716) 

Londonderry  and  Bass  River  map-areaa, 
Colchester  and  Hants  cotmties.  Nova  Sootia. 
L.  J.  Weeks.— Jf«n.  geol.  Hurv.  Vasiad. 
no.  245,  Ottawa,  1948,  86  ]>.,  illus.,  map. 
25  cents. 

56(718/9) 

Bedrock  geology  of  the  seaboard  region  oT 
Newfoundland  Labrador.  E.  H.  Kranck.— 
BuU.  geol.  Surv.  Jifewfoundland  no.  19,  St. 
.John's,  1939,  44  p.,  illus.,  maps. 

65(719) 

Geology  and  mineral  depoHits  of  the  Fleur- 
de-Lys  area.  James  Osbom  Fuller. — Btdl. 
geol.  Sure.  Newfoundland,  no.  15,  St.  John's,. 
1941,  42  p.  illus.,  maps,  biblio. 

56(721. 2 /.3) 

Gkx)logy  of  the  Sierra  de  los  Muertos  area, 
Mexico  (with  descriptions  of  aptian  cephalo- 
pods  from  the  La  Pena  formation).  William 
B.  Humphrey. — BuB.  Geol.  Soe.  Amer.y 
Baltimore,  Md.,  CO,  Jan.  1049,  89-176.  illus., 
maps,  tabs.,  biblio.     $1. 
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Saasex.  J.  W.  Reeves. — Proc.  Oeol.  Ass., 
LoDd.,  59.  Pt.  4,  194S,  234-69,  maps,  dia^rs.. 
tabs.,  bibUo.    Tms. 
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Orientation  ct  formation  necesssaires  aux 
recberches  de  p^trole ;  application  ft  la 
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tabs. ;   Faac.  3,  17-22,  map,  diagrs. 

550.81 
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Geophysics  and  economic  geology.  J.  McG. 
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No.  508,  March  1949,  1-20,  diagrs.,  bibUo. 
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550.87 

Leaf  samplra  as  an  aid  to  prospecting  for 
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550.89 

Qeological  mi^iping  ;  report  of  the  1947-48 
8ab-Oommittee  on  Mapping,  Field  Methods, 
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Duncan  R.  Derry. — Canad.  Min.  MetaU. 
BuU.  440,  Montreal,  Dec.  1948,  682-8.     %\. 
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551.4 :  55(71) 

Physiography  of  the  Canadian  Cordillera, 
with  q>ecial  reference  to  the  area  north  of  the 
fifty-fifth  parallel.  II.  S.  Bostock.— .V«n. 
geol.  Sure.  Canad.  no.  247,  Ottawa,  1948, 
106  p.,  illufi.,  maps.     25  cents. 

662    PETROLOGY 

552.3  :  413.164 

The  history  of  a  name  ;  the  word  porpliyry, 
with  some  rraections  on  igneous  rock  termin- 
ology. T.  C.  V.  Hal].— Min.  Mag.,  r.ond., 
80,  Peb.  1949,  73-9,  bibUo.     Is.  6d. 
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553(410) 

Mineral  position  of  RCA  nations :  no.  10— 
Qreat  Britain.  Frederick  R.  Brewster.— 
Eagmg-  Min.  J.,  N.Y.,  160,  Jan.  1949,  61-4, 
map,  tabs. 


553(495) 
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Greece.  O.  Perry  Riker.— Jfn^ny.  Min.  /., 
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ged.  Swr.  Newfoundland  no.  15,  St.  John's, 
1941,  42  p.,  illus.,  mapfl,  biblio. 
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Ehner  W.  Pehraon.— ^uU.  Min.  MetaU.  Soe. 
Amer.  285,  X.Y.,  41,  Dec.  1948,  57-76. 
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The  mineral  resources  and  industries  of  the 
Common w^th  of  Australia  and  the  Mandated 
Territory  of  New  Guinea.  H.  G.  Raggatt, 
P.  B.  Nye  and  N.  If.  Fisher.— Proc.  Autt. 
InM.  Min.  MetaU.,  Melb.,  Nos.  143-144 
Sept.-Dec.  1946,  188-282,  tabs. 

553(95) 

The  mineral  resources  and  hidustries  of  the 
Commonwealth  of  Australia  and  the  Mandated 
Territory  of  New  Guinea.  II.  G.  Raggatt^ 
P.  B.  Nye  and  N,  11.  Fisher.— Proc.  Autt. 
Intt.  Min.  MttaU.,  Melb,,  Nos.  143-144, 
Sept.-Dec.  1946,  188-282,  tabs. 

568.1    Determination,      properties,      of 
economic  minerals 

553.1 :  545.82 

Method  for  the  gpoctroirhemical  determina* 
tion  of  beryllium,  cadmium,  zinc,  and  indium 
in  ore  samples.  Graham  W.  Marks  and 
Betsy  M.  Jones.— [7.A'.  Bur.  Min.  Rep.  Invett. 
4363,  Wash.,  D.C.,  Nov.  194H,  27  p.,  diagrs.,. 
tabs. 

553.1 :  549.282 

A  method  for  spectrochemical  determination 
of  silver  in  ore  samples.  Graham  W.  Marks 
and  E.  V.  Potter.— r.5.  Bur.  Min,  Rep. 
Invest.  4377,  Wash.,  D.O.,  Dec.  1948,  14  p., 
illus.,  diagiB.,  tab«. 

553.1  :  553.31(44) 

Sur  le  dosage  du  fer  dans  les  minerals  de 
fer  du  Bassin  Lorrain.  J.  Baron. — Chim. 
Anal.y  Paris,  81,  Feb.  1949,  29-30. 

553.1  :  553.494.6 

Determination  of  lithium  in  rocks  by 
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Mary  H.  Fletcher.— .4aa/y/.  Cfcem.,  Easton, 
Pa.,  21,  Jan.  1949,  173-5,  iUus.,  bibUo. 
50  cents. 
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Structural  contml  and  mineralization  at  the 
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deposits,  Pahner,  Alaska.  Stuart'  Bjorkhmde 
and  W.  S.  Wright.— t/.^.  Bur.  Min.  Hep. 
Invest.  4356,  Wash.,  D.C,  Oct.  194«,  5  p., 
maps,  (liagre.,  bihlio. 

553.464(701.2/3) 

Flake-graphite  and  vanadium  inveutigation 
in  Clay,  Coosa,  and  Ciulton  counties,  .\Ui. 
Hugh  D.  Palllster  and  J.  R.  Thoencn.  -  U.S. 
liur.  Min.  Rep.  Invest.  4366.  Wash.,  D.C, 
Dec.,  1918,  84  p.,  maps  Jdblio. 

553.481(795.19) 

Variations  in  ganiierite  from  the  nickel 
deposit  near  Kiddle,  Oregon.  W.  T.  Pecora, 
S.  W.  Hoblis,  and  K.  J.  Murata.  —Econ.  (JeoLy 
l^rtincaster,  Pti.,  44,  Jan. -Feb.  1949,  l.'J-23, 
Idbllo.     .^1. 

553.487 

Cobalt  liiid  its  um*'.-?.  (()icun\;nces.) — 
a.  Afr.  Min.  Kngng.  ./,.  J't>un:.,  59.  Pt.  2. 
Jan.  15  1919,  6(n-4.     <;d. 

553.494.-3(81) 

ZircOnio  :  Ilistorico,  a|dicuQ6js  e  otnirr- 
encias.  (With  npecial  reference  to  Brazil.) 
Resk  Fravha.  Miuernt.  Metal.,  Rio  de 
Janein>,  13.  St-pt-'tJct.  1948.  182-6,  bibJio. 
(V$15.0(). 


553.495 

Radfo-active  mineral  depobits. — MiMf, 
Ret.  Aust.  Pamp.  no.  3,  Canberra,  Anff.  ^ 
1948,  25  p.,  illuH.,  diagr. 

553.495.2  (713.1  Theano  Point) 

A  pitchblende  occurrence  at  Theano  Points 
Lake  Superior,  Ontario.  J.  Satterly  and 
D.  F.  Hewitt.— Tff/Mui.  Min.  7.,  QardenTale, 
P.Q.,  70,  Jan.  1949,  88-90,  dlagr.     $1. 

553.499(798.6  Rainy  Creek) 

In vcif ligation  of  Rainy  Creek  mercnxy 
prospect,  Bethel  district,  Kuskokwim  region, 
south-western  Alaska.  P.  A.  Ratledge. — 
UJS.  Bur.  Mitt.  Hep.  Invest.  4301,  Wash.,  D.a, 
Oi\t.  1948,  5  p.,  m^M,  dlagrs. 

S68.6    Non-metallic  deposits 

553.61(781) 

Central  Kansas  clay  deposits.  W.  D.. 
McMillan  and  Arthur  O.  Wilson.— I^^.  Bur, 
Min.  Hep.  Invest.  4379,  Wash..  D.O.,  Dec. 
1948,  38  p.,  maps,  diagra.,  tabs. 

553.611 

Clays  and  their  use  in  the  ceramic  indottrjr 
and  other  industrieri. — iS.  .iust.  Dep.  Mines 
Min.  Rev.,  Adelaide,  No.  86,  1948,  14-80. 

553.011(942  Arckaringa) 

.Vrckaringa  (Imbitcha  bore)  clay  deposits.. 
L.  W.  Parkin.- 18.  .iust.  Dep.  Mines  Mim. 
Rev.,  Adelaide,  Xo.  86,  194X.  102-5,  ilfau. 

.553.611(942  Birdwoo«l) 

Clay  muie,  BirilwiMxI.  1..  W.  Parkin.  - 
>S.  Aust.  Dep.  Mines  Min.  Rev.,  Adelaide, 
No.  86,  1948,  106-7. 

558.611.2(942  l»t)ethal) 

(.'lay  and  sand  deposit.  liOl>ethaL     L.   W. 
Farkin. — H.    Aust.    Dep.    Mines    Min.    Rev. 
Adelaide,  No.  86,  194«,  107-8. 

5.53.611.6(761) 

Texas  white  firing  bentonitc.  (GcoloffF^ 
properties,  identification,  uses.)  Forrest  K. 
I'ence.— .*/iii.  Engng.,  N.Y.,  1,  Jan.  1049, 
S<H'.  5,  27-32,  illus.,  map,  diagm.,  tabs.     7^. 

553.621  :  537.228.1(91) 

PiexcM'lectric  quariz.  F.  Canavan. — Miner.. 
Res.  Aust.  BuU.  no.  10  Cant>erra,  1947,  IJ  p.» 
<liagrs. 

553.621  :  537.228.1(94) 

Notes  on  the  occurrence  of  picfeo-elcctrie 
(luariz  in  Australia  with  s])ecial  reference  U> 
the  Kinpsgate  field.  M.  1).  Garretty.— JfiiiCT'. 
Res.  Aust.  BuU.  no.  13,  Canb««rra,  1947,  21  p., 
nmps,  tab.,  biblio. 

5.'i3.623  :  621.742  :  519.621.1 

Olivine  synthetic  moulding  sand  contn^ls 

Kilicojis.  (tcorge     Allen. -CaiMuf.     MetalSy 

Toronto,  12.    .Ian.     1949.     19;     36,    biblio. 
25  cents. 

553.625(94) 

A  study  of  Australian  diat<miit«s  with 
Hpecial  reference  to  their  possible  value  as 
filter  mcHlia.  Iren»»  Crrspln. — Mimer.  Res. 
AuU.  Bull.  no.  7.  ('anbemi.  1947.  40  p.,  Ulus., 
map,  talis.,  bi>>lio. 

553.635.1 

( }}r|)sum  -  an  (>sseutial  to  jirogross ;  its 
<KX'um*nce  and  application. — S.  Aft.  Min. 
Kngng.  J.,  J'Imrg.  59,  l^.  2,  Jan.  8  1949, 
563-4.     6d. 
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553.6S5.1(M3  MUo  Pastoral) 

Gypsum  oooorreoce — MUo  Pastoral  holdinR, 
AdaVmle.  T.  H.  Oonnah.— Q<i.  Oopt.  Min.  J., 
Brisbaae,  40,  Nor.  1948,  442-4,  map.    6d. 

453.694  :  &S6 

Perlite :  th^mal  data  and  energy  require<l 
for  eipanslon.  £.  O.  King  and  others. — 
U^.  Bur.  Uin.  Rep.  Invest.  4394,  Wash.. 
D.O.,  Nov.  1948,1 6  p.,  diagrs. 

858.9    GarbOBaceous  deposits 

553.91(761.2/3) 

Flake-graphitG  and  vanadium  inyestigaiion 
in  Clay,  Coosa,  and  Chilton  counties,  Ala. 
Hugh  D.  Pallister  and  J.  R.  Thoenen.—U.8. 
Bur.  Min.  Rep.  Jnvett.  4366,  Wash.,  D.C., 
I>cc.  1948,  84  p.,  maps,  biblio. 

4&3.94(424.6) 

Crozzle  and  husslo ;  an  intraformational 
-coutortcd  shale  in  the  middle  coal  measures 
of  the  Potteries  coalfield.  F.  Wolverson 
Oope. — Oetd.  Mag.^  Lond.,  86,  Jan.-Feb. 
1949,  36-42,  diag.,  bibUo.     6s. 

61    MEDICAL  SCIENCES 

616JS4 :  546.28    Silicosis 

616.24  :  546.28 

A  report  of  a  visit  to  Canada  and  the 
United  Stotcs  of  America  (April-July  1946) 
to  enquire  into  the  use  of  diflereut  types  of 
aluminium  powder  in  the  prevention  ami 
treatment  of  silicosis,  together  with  a  general 
review  of  the  subject.  W.  E.  Ocor^e. — l*rac. 
Atut.  Inst.  Min.  MttaU.,  Melbourne,  Nos. 
143-144,  Scpt.-Dec.  1946,  l-lio,  bibUo. 

622    MINING 

622  (...)    Regional 

622(489) 

Mineral  position  of  EGA  nations  :  No.  9 — 
Denmark  (and  Greenland ;  mininf;).  H. 
Paadermadjian. — Kngng.  Min.  J.,  N.Y.,  149, 
Dec.  1918,  87.     60  cente. 

622(492) 

Mineral  position  of  ECA  nations  :  No.  6-- 
The  Netherlands.  (Tin,  bauxite,  raan(7aiu«e, 
nickel  minin;; ;  statistics.)  l*aul  Cat/,. — 
Engng.  Afin.  J.,  N.Y.,  149,  Dec.  1918,  82-3, 
xn&p,  tab.     50  cents. 

622(493) 

Mineral  position  of  ECA  nutions  :  No.  8 — 
Belsdnm  (and  Beleian  Congo ;  mininj? ; 
8tati)ticR).  M.  Helbum. — Engug.  Min.  \f., 
N.Y.,  149,  Dec.  1948,  84-6,  map,  tab?. 
IK)  cents. 

622(712.7  Sherridon) 

The  .Sherridon  operation  of  Sherritt  Gordon 
Mines  Limited.  Geo.  E.  Cole.  — H'.  Miner, 
Vancouver,  B.C.,  22,  Jan.  19J9,  41-7,  flow- 
sheet, biblio.     25  cent8. 

622(914) 

Mining  in  the  Philippines.  (Uesuni6  of 
rehabilitation.)  Chaa.  A.  Mitke.  -J/?n.  J., 
liOnd.,  232,  Feb.  26  1949,  149.     Sd. 

622  :  674.04 

Timber  treatment  cuts  costs.  (Preserva- 
tion bj  chromated  zinc  chloride  at  Homer 
mine,  Mich.)  R.  C.  Mahon.— J/t'n.  Engng.y 
N.Y.,  I,  Jan.  1949,  Sect.  1,  26-7,  diagr. 
75  oeats. 


622.013.3 

Les  m6thodes  d'dvaluatlon  dee  gites 
mln6raux.  V.  Batj.—Rev.  Univ.  if*i., 
Li*^,  82,  Tome  5,  9th  Ser.,  Feb.  1949,  61-9, 
tabs.    60  francs. 

622.013.3 

La  determination  de  la  valeur  d*une  mine. 
Bucher.— CA«m.  Min.  Colon.,  Paris,  17, 
no.  151,  Jan.  15  1949,  2-5. 

622.013.36  :  622.341.1(792.19) 

Invratigation  of  iron-ore  reserves  of  Iron 
county,  Utah.  Paul  T.  Allaman.— 1;.«.  Bur. 
Min.  Rep.  Invest.  4388,  Wash.,  D.C.  (Suppl, 
to  Rep.  Invest.  4076),  Nov.  1948,  3  p. 

622.1    Topography,  surveying 

622.1  :  526.3 

Besection — ^a  very  simple  method.  (The 
three  point  problem.)  L.  E.  Taylor.— Cotfury 
Guard.,  Lond.,  178,  March  3  1949,  295-8.     Is. 

622.288    Madiine  mining,  rock  drills 

622.233(682.3  Simmer  &  Jack) 

Mechanization  of  development.  Simmer  & 
Jack  Mines,  Ltd.  F.  J.  Fitch.— ^m.  Mine 
Mgrs.  Transvaal  Ore.  9/48,  J'burg,  Nov.  12 
1948,  3  p.,  diagrs.    (Typescript.) 

fi22.-J33(796.31  Bunker  Hill) 

Bunker  Hill's  mechaidzatiou.  R.  S. 
Hooper,— J/t«.  World,  San  Francisco,  11, 
Feb.  1949,  34-7  ;    62,  illus.     $0.36. 

622.233.3.053  :  069.018.25 

I^ics  taillants  k  carbure  dans  la  foratiou 
rotative  au  charbon :  Pt.  J.  Berthon. — 
Iter.  Industr.  Min..  St.  Etlemie.  No.  540 
(Section  Mine),  Jan.  1949,  3-22,  diagrs.,  tabs. 

622.2.33.02 

Les  taillants  &  carbure  dans  la  foration 
rotative  au  charlwn :  Pt.  I.  Berthon. — 
Rev.  Industr.  Min.,  St.  Etieime,  Xo.  540 
(Section  Mine),  Jan.  1949,  3-22,  diagrs.,  tabs. 

622.235    Blasting,  blast  liole  drilling 

622.235 

The  mechanism  of  bla<tting  of  coal  and  rock 
by  means  of  explosives.  .Tames  Taylor. — 
Trans.  Instn.  .Min.  Kngrs.,  Ixmd.,  108,  Pt.  4, 
Jan.  1949,  130  13,  illus.,  bibUo.     lu*. 

622.23.>  :  622.26 

Explosives  in  tunnelling ;  advances  in 
shot-Hring  practice. — Times  Rev.  Ind.,  Lond., 
8  (N.S.),  March  1949,  25,  diagrs.     1h. 

622.235  :  622.271.2 

Hicrhfr  quarry  profits  with  delayed  action 
l»lattiu^.  (Uslns  an  electric  motor  powered 
blasting  switch.)  L.  F.  Miller.— /ixrara/. 
/•Jngr.,  S.  Milwaukee,  43,  Feb.  1949,  14-19  ; 
51,  illiw.     35  cents. 

622.235  :  622.271.2 

Blasting  in  quarries.  11.  Sheplierd. — Mine 
A  Quarry  Engng.,  liOnd,,  15,  Man^h  1949, 
G9-7S,  illiw.,  (lia^TS.     Is.  6d. 

622.235  :  622.271.2 

Moslem  blasting  in  quarries.  U.  W. 
Westwater. — Quarry  Mgrs.'  J.,  Lond.,  82, 
Jan.,  1949,  368-73.     Is.  6d. 
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622.335.116(78) 

Un  procM6  am6ricaia  de  tir  da  boachon. 
(Description  of  the  *  Bum  cut '.)  G.  Matbon. 
— Mines,  Paris,  No.  1,  1948,  14-22,  diagre. 

622.335.12 :  622.233.626 

Blasthole  stoping  evaluated ;  diamond 
drilling  for  brealdng  ore  la  here  analysed  on 
the  basis  of  an  eztensiTe  survey  by  qaeation- 
naire.  Vinton  H.  C^arko  and  John  V. 
BealL— ifin.  Engng.,  N.Y.,  1,  Jan.  1949, 
Sec.  1,  15-25,  diagrs.     75  cents. 

«32.235.12  :  622.233.626(689.55) 

Blasthole  driUing  at  Nkana  1944-1947. 
(The  work  of  the  Roto  Drill  dept.,  and  the 
application  of  diamond  drilling  to  stoping, 
pillar  recovery  and  hanging-wall  caving.) 
O.  B.  Bennett. — J.  Chem.  Hoc.  S.  Afr.y  J'buig, 
40,  Oct.  1948,  95-153,  lllus.,  diiigra..  tabs.     68. 

622.235.24 

Shaped  chargCHi  applied  to  mining :  Pt.  1. 
DriUing  holes  for  blasting.  Hiram  C.  Draper 
and  others. — U.S.  Bur.  Min.  Rep.  Inrtst.  4371, 
Wash.,  D.C.,  Nov.  1948,  12  p.,  illus.,  talis., 
diagrs. 

622.235.432 

Higher  quarry  profits  with  delayed  action 
blasting.  (Using  an  electric  motor  powered 
blasting  switch.)  L.  F.  Miller.— i?«ora/. 
Engr.,  S.  Milwaukee,  48,  Feb.  1949,  14-19  ; 
51,  illus.     35  cents. 

622.24  Explonitlon  and  well  drilUng 

€22.243.414 

A  study  of  drilling;  motion  and  ita  applica- 
tion in  cable  tool  bla^it  hole  drills.  N.  A. 
Webster.— Quarrv  Mgrn.'  J.,  Lon«l.,  82,  Feb. 
1949,  412-24,  diaifr,j.     Ip.  f>«l. 

622.243.6.051.3(881) 

Diamond  driUing  in  the  Manidi  mountain 
area  British  Guiana.  (DoHcribcs  means  used 
to  penetrate  the  deep  mantle  of  overburden.) 
Keith  O'Donnell.— rartflt/.  .Vm.  J.,  Garden- 
vale,  P.Q.,  69,  Det-.  IJUK.  70-3,  illus.,  map. 

ni. 

til'2.243.fi.(>:)1.3  :  622.313 

Diamond  drilling  ut  Tuion  Copper  mine, 
OabamiR  and  Uowan  counties,  N.C.  T.  J. 
Ballard  and  Austin  H.  Clayton. —  U.S.  Bur. 
Min.  Rrp.  Inrest.  4364,  Wasli.,  D.C.,  Oct. 
1948,  y  p.,  map,  diagn*.,  tabs. 

«)22.243..s 

Development  of  the  Calvx  core  drill : 
Pt.  I.— .Min.  J.,  Loi.d.,  282,"  Feb.  12  1949, 
117. 

622.25  Shafts,  sinking 

♦;l-2.25(79G.311) 

Shaft-sinking  practice  in  the  C<H?ur  d'.\iene. 
(M<vhumcal  methods  applied  to  sinking  of 
vertical  and  inclined  shafts.)  R.  W. 
Lottridge  and  R.  W.  Nevman. — Min.  Congr. . 
J.,  Wash.,  D.C.,  36,  Jan."  1949,  18-23,  iUus., 
diagrs.     $0.30. 

022.252  :  622.233.02« 

Shaft  sinking  by  diamond  drilling,  Belle- 
fonte  mine,  National  (Jypsum  Co.,  Centre 
county,  Pa.  McFIenrv  'H<mor.—  U.S.  Bur. 
Min.  Inform.  Circ.  lAll,  Wash.,  D.C.,  Oct. 
1948,  6  p.,  illus.,  diagr. 


633.252.6(747.36  Mineville) 

Mucking  Fisher  Hill  shaft  with  a  soraper. 
(Deepening  an  inclined  shaft,  10  x  80  ft.  at 
an  angle  of  minos  83*  80'  in  hard  granite 
rock.)  R.  J.  Linney.— ffvn^.  Min.  /.,  N.T., 
146,  Dec.  1948,  92-3,  illus.,  diagxs.    80  cents. 

623.262.8 

Core-drilled  shaft  for  ventilation  and  esoape- 
ment.  (48  ft.  in  diameter,  803  ft.  deep.) 
Paul  T.  Porter.— ifin.  Cmgr.  7.,  WasL, 
D.C.,  86,  Jan.  1949,  50-1,  ilhis.     $0.80. 

623.258.4(682.3  St.  Helena) 

Sinking  No.  3  incline  shaft,  St.  Etelena 
Gold  Mines,  Ltd.  R.  H.  MacWilliam.^AM. 
Mine  Mgrs.  Transvaal  Circ,  1/49,  J*batg, 
Jan.  14  1949,  17  p.,  tabs.,  diagis.  CType- 
script.) 

622.258.4(747.26  MlnevUle) 

Mucking  Fisher  Hill  shaft  with  a  soraper. 
(Deepening  an  inclined  shaft,  10  x  80  ft.  at 
an  angle  of  minus  33*  80'  in  hard  granite 
rock.)  R.  J.  Linncy.— fn^N^.  Mi$^  J.,  N.Y., 
149,  Dec.  1948,  92-3,  iUus.,  diagrs.    60  oents. 

622.27  Mining  methods 

622.271.2 

Modern  quarrying  equipment  for  the  pro> 
duction  of  aggregate  including  baUast,  gravel 
and  sand.  R.  Eric  Pochin  and  P.  W. 
Parker. — Cement  Lime  Orav.,  Lend.,  28,  Jan. 
1949,  230-5,  illus. 

622.273.2.047 

Sand-slime  stope  filling  proves  sat^actoir. 
(Use  of  minus  200-meeh  from  flotation  mill.) 
Richard  Krebs  and  J.  C  O'DonneU. — Engng. 
Min.  J.,  N.Y.,  160,  Jan.  1949,  64-60,  illos., 
diagrs.,  tabs. 

622.28  Support,  linings 

622.28 

Grouiidcontrol— theory  and  practice.  Jack 
Spahlint;. — Bull.  Instn.  .\fin.  M^ali.,  Lond., 
507.  Feh.  1949,  1-35,  diagrs.,  bibUo.  (Paper 
2s.  6d.) 

622.32    Oilfield  production 

622.323(73) 

Report  of  petroleum  and  natural-gas 
division  fiscal  year  1947.  R.  A..  GatteU  and 
others. —  U.S.  Bur.  Min.  Inform.  Ore.  7484, 
Wash.,  D.C.,  Dec.  19  1948,  65  p.,  illus. 

622.323(764  Lake  Creek) 

Petroleum-engineering  study  of  the  Lake 
Creek  field,  .Montgomery  county,  Tex.  H.  B. 
HiU  and  FeUx  A.  Vogel,  Jr.— U.S.  Bur.  Min. 
Rep.  Inrest.  4319,  Wash.,  D.O.,  Nov.  1948, 
65  p.,  illus.,  maps,  tabs.,  diagrs. 

622.84    Metalliferous  mining 

622.341.1(713.51  Steep  Rock) 

The  Steep  Rock  iron  mine.  Geo.  B.  Oole. — 
IF.  Miner,  Vancouver,  B.C.,  21,  Dec.  1948, 
98-104.     50  cents. 

622.341.1(792.19) :  622.013.36 

Investigation  of  iron-ore  reserves  of  Iron 
county,  Utah.  Paul.  T.  AlUman. — UJS.  Bur. 
Min.  Rep.  Inrest.  4388,  Wash.,  D.G.  (Soppl. 
to  Rep.  Invest.  4076),  Nov.  1948,  3  p. 
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6^^1.111(749.2  West  Portal) 

West  Portal  magnetite  mines,  Htmterdon 
ooon^,  NJr.  G.  B.  Botaford  and  McHenry 
MoBier. — UJS.  Bur.  Jfln.  lUp.  Incut,  4S63, 
Wiah^  D.O.,  Oct.  1948, 11  p.,  nu^,  tabs. 

6».341.S4(711.19  Sflyer  Giant) 

The  Silrer  Giant  mine.  0.  M.  Campbell.— 
W.  Miner,  Vanconrer,  B.C.,  21,  Dec.  1048, 
dO.    60  cents. 

«22.S41.24(711.38  Lucky  Jim) 

Zincton  baa  consistent  record.  (Silver, 
lead  zinc,  Locky  Jim  property — mining  and 
millii^.)  J.  8.  McJntosb.— f^.  Miner ^  Van- 
coorer,  B.C.,  21,  Dec.  1948, 126-30,  flow-shpet. 
50  cents. 

62*2.341.24(711.38  Van  lioi) 

High-grade  ore  at  Van  Boi. —  W.  Miner^ 
Vancourer,  B.C.,  21,  Doc.  1948,  92.     50  cents. 

622.341.24(712.1  United  Keno  Hill) 

United  Keno  HilL  C^istory,  geology, 
mining.) — IF.  Miner^  Vancouver,  B.C.,  22, 
Jan.  1949,  37-40,  illus.     26  cents. 

622.341.24(786.23  Minah) 

Investigation  of  the  Minali  lead-silver  mine, 
Jefferson  county,  Mont.  8.  II.  Lorain  and 
K.  J.  Ilundhausen. — U.S.  Bur.  Min.  Rep. 
Invest.  4369,  Wash.,  D.C.,  Oct.  1948.  9  p., 
map,  tat)8.,  diagn-i. 

622.342.1(678.2/.9) 

Tanganyika's  gold  industry  ;  steps  towordg 
higher  production. — 8.  Afr.  Min.  Engng.  J., 
J'bnrg,  59,  Pt.  2,  Dec.  26  1948,  i9»-:)01.     6d. 

622.342.1(711.891  Vanonda) 

New  copper-gold  producer. — W.  Miner, 
Vancouver,  B.C.,  21,  Dec.  1948,  148-9. 
50  cents. 

022.342.1(713.61  Renabie) 

Benobie  mines,  Misisiiiabie's  pioneer  gold 
producer.  (Geoloigy,  mining,  milling.)  11.  K. 
Rice. — Cancui.  Min.  7.,  Qardcnvaie,  P.Q.,  70. 
Jan.  1949,  61-7,  diagrs.,  tabs.     $1. 

632.342.1(942  Westward  Ho) 

Westward  Ho  gold  mine.  A.  T.  Armstrong. 
— S.  Atui.  Dep.  Mines  Min.  Bev.y  Adelaide, 
No.  86,  1948,  109-11. 

622.342.2(711.151  Torbrit) 

Torbrit  starts  production.  (Geology, 
mining  and  milling  at  Torbrit  silver  mine.) 
H.  D.  Forman  and  A.  Q.  Roach. — W.  Miner, 
Vancouver,  B.C.,  21,  Doc.  1918,  88-90. 
50  coits. 

622.342.2(711.201  Silver  Standard) 

Silver  Standard  in  production. —  W.  Miner, 
Vancouver,  B.C.  21,  Dec.  1948,  146-7. 
50  cents. 

622.343(711.391  Vananda) 

New  copper-gold  producer. — W.  Miner, 
Vancouver,  B.C.,  21,  Dec.  1948,  148-9. 
50  cents. 

622.343(711.41  Britannia  Beach) 

A  visit  to  Britannia.— IF.  Miner^  Van- 
coover,  B.a,  21,  Dec.  1948,  76-80,  map, 
flowsheets.    50  cents. 


032.343(712.7  Plin  Flon) 

Largest  western  copper  producer.  (Geology 
and  mining  at  Flln  Flon.)  Geo.  E.  0(^ — 
IF.  Miner,  Vancouver,  B.C..  21,  Dec.  1948, 
62-7.    50  cents. 

022.343(712.7  Lynn  l^ke) 

Nickel-copper  developments  at  Lynn  Lake. 
Geo.  B.  Cole. — IF.  Miner,  Vancouver,  B.C., 
21,  Dec.  1948,  86-7,  map.  50  cents. 

022.343(765/6) 

Investigation  of  ttit>  Virgiiina  copper  dis- 
trict, Viigtaia  and  North  CaroUna.  A.  W, 
Newberry  and  others. —  U.a.  Bur.  Min.  Rep. 
Invest.  4384,  Wash.,  D.C..  Dec.  1948,  12  p.. 
maps,  diagrs. 

022.343(756.124  Union) 

Diamond  drilling  at  Union  Copper  mUie. 
(yobarrus  and  Rowan  counties,  N.C.,  T.  J. 
Ballard  and  Austin  B.  Clayton.— C7.i9.  Bur. 
Min.  Rep.  Invest.  4364,  Wash.,  D.C.,  Oct. 
1948,  9  p.,  map,  diagrs.,  ta)>3. 

022.343(793.25  Majuba  Hill) 

Invest igaticiii  of  Majuba  Hill  coppeivthi 
mine,  Peishing  county,  Nev.  B.  J.  Mataon. — 
U.S.  Bur.  Min.  Rep.  Invest.  4378,  Wash., 
D.C..  Dec.  1948,  10  p.,  maps,  tabs. 

022.343(798.11  Salt  Chuck) 

Inveptigatiou  of  the  Salt  Chuck  copper 
mine,  Kasaon  i)enhtsula.  Prince  of  Wales 
Island,  Houth-eastem  Alaska.  S.  P.  Holt  and 
others.— r.5.  Bur.  Min.  Rep.  Invest.  4368, 
Wash.,  D.C.,  Oct.  1948.  16  p.,  maps,  tabs., 
diagre. 

022.344.1(711) 

Greatest  west*?ni  minhig  enterprise.  (Min- 
ing, mineral  dressing  and  metalluigy  at  the 
Consolidated  Mining  &  Smelting  Co.  of 
Canada,  Ltd.)— IF.  Miner,  Vancouver,  B.C.. 
21,  Dec.  1948,  54-61,  illus.     50  cents. 

022.344.1(711.25  Reeves  MacDonald) 

B.C.'s  next  base-metal  producer.  (Mining 
and  milling  at  Reeves  MacDonald  Minra 
Ltd.)— IF.  Miner,  Vancouver,  B.C.,  21,  Dec. 
1948,  81-3.     50  cento. 

622.344.1(773.62  Royal  Princess) 

Investigation  of  Royal  Princess  zinc-lead 
deposit,  Jo  Daviess  county,  111.  Stephen  P. 
Jlolt.—  U.S.  Bur.  Min.  Rep.  Invest.  4386» 
Wash.,  D.C.,  Dec*.  1948,  13  p.,  map,  tabs., 
diagrs. 

622.344.6(775.36  Vial) 

Investigation  of  Vial  zinc  mine,  Iowa 
countv.  Wis.  Alvln  M.  CnnmiingH. — U.S. 
Bur.  Min.  Rep.  Invest.  4385,  Wash.,  D.C., 
Dec.  1948,  7  p.,  map,  tabs. 

022.345(795.25  Majuba  Hill) 

Investigation    of   Majuba   Hill   copper-iin 
mine,  Pershing  county,  Nev.    B.  J.  Mataon. 
U.S.  Bur.  Min.  Rep.  Invest.  4378,  Wash.,  D.C.. 
Dec.  1948,  10  p.,  maps.  tabs. 

022.310(496) 

Turkish  chromite  production  up.  (Mining 
and  production.)  Falih  Ergunalp. — Min, 
World,  3an  Franeisco,  10,  Nov.  1948,  48. 
35  cents. 
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02:J.MU(71».4.'>  Wood) 

Investigation  of  Wood  chromite  mine  area, 
Lancaster  county,  Pa.  Frank  K.  Molniosh 
and  McIIeury  HoBler.—U.S,  Bur.  Min.  Rep. 
Invest.  4383,  Wash.,  D.G.,  Dec.  1948,  5  p.. 
mape,  tabs. 

622.346(786.13) 

Investigation  of  the  Four  Cturomes  and 
other  chromite  deposits.  Red  Lodge  district, 
Oarbon  county,  Mont.  J.  A.  Herdlick. — 
UJS.  Bur.  Min.  Rep.  Invest.  4361),  Wash., 
D.O.,  Dc-o.  1948,  13  p.,  maps. 

622.346(786.311) 

Investigation  of  chromite  deposits  of  the 
Stillwater  complex,  Stillwater  and  Sweetgraas 
counties,  Mont.  N.  L.  Wimmler. —  U.S.  Bur. 
Min.  Rep.  Invest.  4368,  Wash.,  D.C.,  Dec. 
1948,  41  p.,  maps. 

622.346(794.18  French  HiU) 

Investigation  of  French  Hill  cliromite  mine, 
Del  Norte  county,  Calif.  W.  0.  Sanborn  and 
Spangler  Kicker. — U.S.  Bur.  Min.  Rep.  Invest. 
4366,  Wash.,  D.C.,  Oct.  1948,  9  p.,  map,  Ubs. 

622.346.3(711.25  Emerald) 

Canada's  leading  tungsten  producer.  (Pro- 
duction 5,000  imits  of  concentrate  monthly.) — 
W.  Miner,  Vancouver,  B.C.,  21,  Dec.  1948, 
106-9.    50  cents. 

622.346.3(756.218) 

North  Carolina,  an  important  tungsten 
producer.  (250  tons  per  day ;  average  grade 
to  mills  assays  0-9%  WO3.  Concentntion 
flow  sheet.)  M.  H.  Kline  and  F.  K.  Mcintosh. 
—Engng.  Min.  /.,  N.Y.,  149,  Dec.  1948,  79-81. 
flowsheet.     50  cents. 

622.355.11(797.38  Sauk  Mt.) 

Investigation  of  the  Sauk  mountain  lime- 
stone deposits  Skagit  county.  Wash.  Oon- 
stantine  C.  Popoll. —  U.S.  Bur.  Min.  Rep. 
Invest.  4356,  Wash.,  D.C.,  Oct.  1948,  14  p., 
maps,  tabs. 

622^    Mining  non-metals 

622.362.1  :  537.228.1 

Importance  and  application  of  piezoelectric 
minerals.  Hugh  n  Waesclie. — Min.  Engng.^ 
N.y.,  1,  Jan.  1949,  Sec,  3,  12-16,  bibUo. 
76  cents. 

622.362.355.1(943) 

A  progressive  south  coast  industry  ;  mining 
the  beach  sands  of  Queensland.  O.  J. 
Carlson. — Qd.  Govt.  Min.  /.,  Brisbane,  49, 
Dec.,  1948,  476-82,  illus.     6d. 

622.366(52.1  Matsuo) 

Matsuo  sulphur  mine  may  become  an  open 
pit.  (Mining  at  sulphur-marcasite  ore  dep<wit, 
Honshu,  Japan.)  Pomeroy  C.  Merrill. — Engng. 
Min.  y.,  N.Y.,  160,  Jan.  1949,  73-5,  illus., 
diagrs.    50  cents. 

622.366.121(481) 

Pyrite  mines  of  Norway.— i/ in.  Worlds 
Ix)nd.,  156,  Feb.  19  1949,  102.  6d. 

(122.366.121(481) 

Norwegian  pyrites.  (Prospects  and  reserves.) 
-Min.  J.y  Lond.,  282,  Feb.  26  1949, 147.    8d. 


622.367.6(71) 

The  Canadian  asbestos  indostry ;  facts 
about  the  world's  greatest  asbestos  mines. 
(Production,  flowsheet.) — Rhod.  Min.  /., 
J*burg,  20,  373-6,  flowsheet.    6d. 

622.367.6(942  Hundred  of  Apoinga) 

Asbestos  mine — Hundred  of  Apoinga. 
A.  T.  Armstrong.— iS.  Aust.  Dep.  Mines  Min^ 
Rev.,  Adelaide,  No.  86,  1948,  111-18. 

622.368.912(756/7) 

New  barite  possibilities  revealed  in  the 
Carolines.  (Geology,  mining,  beneficiation.> 
Karl  C.  Van  Rom.— Engng.  Min.  7.,  N.Y.. 
160,  Jan.  1949,  76-8,  map. 

622.368.912(942  Blinman) 

Blinman  barytes  mine — Oraparinna  station 
(near  the  Bunker).  L.  L.  Mansfield. — S.  Aust.^ 
Dep.  Mines  Min.  Rer.,  Adelaide,  No.  86, 1948» 
113-4. 

622.368.912(942  Hundred  of  Julia  Creek) 

Barytes  mine — Hundred  of  Julia  Oreek. 
L.  L.  Mansfield.—^.  Aust.  Dep.  Mines  Min, 
Rev.,  Adelaide,  No.  86, 1948, 116-7,  map. 

622.41/6    Ventilation 

622.413.4(682.3  Crown  Mines) 

Rand  air-cooling  plant.  (Ammonia  refri- 
geration at  Crown  mines.)^  J/i'n.  Mag.,  Lond.,. 
80,  Jan.  1949,  20-2,  illus.,  diagr.    Is.  6d. 

622.413.5  :  545.76 

An  improved  type  of  konimeter.  J.  P. 
Roes  and  S.  R.  Rabson.— ^titf.  Instn.  Min. 
MelaU.,  Lond.,  No.  608,  March  1949,  Sl-4,. 
illus.,  diagr.    (Paper  Is.) 

622.414 

Undergrcmnd  anemometry.  (The  results 
of  a  questionnaire  on  the  use  of  anemometeiB.> 
Cloyd  M.  Smith.— Min.  Engng.,  N.Y.,  1,  Jan. 
1949,  Sec.  3,  1-11,  biblio.     76  cents. 

622.6    Haulage,  hoisting,  transmit 

622.625.28-831 

Electric  trolley  locomotives.  Marcel  Tatin. 
—Iron  Coal  Tr.  Rev.,  Lond.,  168,  Feb.  4  1949, 
229-33,  diagis.,  tabs.     9d. 

622.625.28-835 

Battery  locomotive  haulage  at  Tenneaaee 
Copper's  mines.  (Cost  comparison.)  Lamar 
Weaver. — Engng.  Min.  J.,  N.r.,  140,  Dee. 
1948,  88-91,  Ulus.     60  cents. 

622.67 

Increasing  the  capacity  of  mine  shafts. 
(Shuttle  car  cage  winding.)  B.  W.  Hewitt. — 
Shiffi.'ld  Univ.  Min.  Mag.,  Sheflleld,  1948 » 
67-63,  diagre.,  biblio.    28.  6d. 

622.67  :  622.016.8 

Deep  shaft  winding  problems.  (Survey  of 
various  designs  of  winding  engines  in  use  and 
sliaf t  guides,  and  their  effect  on  winding  ropes 
in  relation  to  depth.)  H.  Hitchen. — J.  S.  lifr. 
Instn.  Engrs.,  J'burg,  47,  Nov.  1948,  69-91, 
diagre.,  tat>g.     3s.  6d. 

622.67.078.38(943  Golden  Plateau) 

TesUng  safety  catches  on  cages  at  (}olden 
Plateau  mine,  Cracow.  O.  Anderson. — Qi. 
Govt.  Min.  J.,  Brisbane,  40,  Dec.  1948,  488-9, 
diagr.    6d. 
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638.671-8S 

Devd(»ments  in  electric  winding  technique. 
R.  W.  WamSLShMU  Unh.  Min.  Mag., 
Sheffield,  1949,  22--8S;  Ulta.    2b.  6d. 

632.673.3 

Conaitnictioii  of  bcadfranut  and  surface 
plant  No.  1  shaft,  JcfErey  mine,  Canadian 
John»-Manville  Co.,  Limited.  (A  reinforced 
(micrete  headfnunc.)  K.  V.  Lindell  and 
L'bas.  D.  Honor.— ranaJ.  ilin.  Metatt.  BuH. 
440  (Trans.  61,  293-300),  Montmol.  T>co.  10 1«. 
074-81,  dia^m:..  t»\».    $1. 

#;-J2.673.G :  620.1 

Wire  rope  anil  testb.  Uicliard  t^axtoii. — 
J/tn.  y.,  Lond.,  282,  Feli.  5  1940,  99.    8d. 

622.7    MINERAL  DRESSING 
622.7-...    Dressing  specific  minerals 

•132.7-337.1 

Laboratory  study  of  the  hot-wat<-r  proc<»8 
for  separating  hydrocarbons  from  surface 
defxosits  of  bituminous  sandstones  near  Bdna, 
Oalif.  a.  B.  Shea  and  R.  V.  Higgins.— r..S. 
Bur.  Min.  Rep.  Invest.  4246,  Wash.,  D.O., 
( >ct.  19i8,  31  p.,  illns.,  diagnn..  tabs.,  flowsheet. 

H22.7-341 .1(426.3) 

Modemisatjnn  of  Ifritish  iron  aiul  steel 
norks  ;  ore-pmpuration  plant  at  Stewarts  and 
I>loyds  Limited,  Obrby.  Tom  Bishop.— /row 
roal  Tr.  Rev..  Lond.,  168,  March  1  1910. 
457-6(»,  illiis.,  rtowshwt.     9«i. 

<^22.7-341.1(77(J.72) 

The  M<?«al)i  tm'onito  problem.  11.  U. 
Kotf. — ('anful.  Min.  J.,  (ranlenvalo,  T.Q., 
69,  Dw.  1948.  r»7-01,  in>ip.  dia^Ts.,  flow- 
sheets, biblio.     $1. 

«;-i2.7-342.H713.714  WriKht-IlarBreavcs) 

Rrwnt  impntvoutents  in  raillinj,'  pnuticf 
at  Wright- 11  ftrjfreaves.  Malcolm  Black. — 
*  anad.  Min.  MHaU.  Bull.  AM)  {Trans.  61. 
•J86-92),  Montn'ul,  r)<>c.  19iK.  r.67-73.  ilhw., 
tlowehot't,     81. 

*iJ'J.7-31.'; 

Custom  milJhig,  American  /.im-,  l^cad  iind 
Smelting  Company,  Ouray,  Col4)r:t4lo.  i».  (\ 
3fcLeau  an<l  others.— /)ar«  Trefoil,  Donvt-r. 
12,  Nov.-DeiT.  19 IS,  5-12,  lllu».,  flo\»-8hoH. 

«;i.'2.7-343<711.3G  Copper  Mountain) 

Increasing  the  capacity  of  tlic  Alknlty 
« i>ni.'*'ntrator.  (C^mcentrator  for  Copper 
Mountahi,  B.C.)  L.  H.  McKay.  — »'.  Miner. 
Vancouver,  B.C.,  21,  Dec  1948,  72.     W  cents. 

e.22.7- 343(712.7  Flin  Fhm) 

Conc«.-ntratiug,  smelting  and  research  at  the 
Klin  Flon  mine.  Geo.  K.  Cole.— IF.  Miner, 
Van<.-oiiv.>r,  B.C.,  22,  Jan.  19-19,  4S-r»2.  flow- 
sheet.    2r»  cents. 

•'.22.7-:$  13(791 .2  Superior) 

A  mill  dt^igncd  for  easier  ofKrration. 
(l,50<i-t«n  <*«jncentrator.  Magma  Copper  Co., 
Superior,  Arizona.)  Haider  .1.  Rex.  —Engng. 
Min.  J.,  X.T.,  149.  Dee.  19  JS,  (iS-71,  illa««. 
.'fO  c-nts. 

UJ2. 7-34 1.1 

Gostom  milling,  American  Zinc,  l<ead  and 
.^melting  Company,  Ouray,  Colorado.  D.  C. 
McT/ean  and  others. — Deco  Trefoil,  Denver, 
12,  Nov.-Dee.  1918,  5-12.  illiis.,  flowwheet. 


B22. 7-362.3  :  666 

Some  glaas  sands  from  New  Jersey. 
(Beneficiation,  analysis  of  treated  sands, 
statistics.)  Albert  S.  WiUcerson  and  Jay  B. 
(k>meforo. — Been.  Oeol.,  Lancaster,  Pa.,  44, 
Jan.-Feb.  1949,  63-7.     $1. 

622.7-363.412 

C-oncentration  of  tluorite  from  tailings  and 
mine  waste  rock  in  Crittenden  and  Livingston 
(bounties,  Kv.  M.  M.  Fine.— 17.5.  Bur.  Min. 
Rep.  Inrest.  137().  Wash.,  D.C.,  Dec.  1948, 
21  ]).,  talw. 

622.7-364.1 

Florida  phoAplmtc  milling.    JohA  E.  Kelly. 
Min.  World,  San  Francisco,  10,  T)cc.  1948, 
35  7  ;    40,  flowsheets.     3.5  cents. 

622.7.006.26 

Laboratory  ore  testing  pro<^urc.  Clarenoe 
Thom  and  Frank  A.  Seeton. — Deco  Trefoil, 
Denver,  18,  Jan.-Fe»>.  1949.  5-8,  illus.,  diagrs. 

622.7.076 

Concent  mtu)n  of  fluorite  from  tailings  and 
lulno  waste  r(K*k  in  Crittenden  and  Livingston 
counties,  Ky.  M.  M.  Fine. —  U.S.  Bur.  Min. 
Rep.  Incest.  4370,  Wash..  D.C..  Dec.  1948, 
21  p.,  taliH. 

622.74    Screening 

622.74 

Screeiui  and  separators  ;  tlic  rotary  screen. 
uiochanic4dly  and  electrically  vibrated  screen, 
air  and  unit  air  separator.  J.  McBride. — 
Edgar  Allen  Neuss,  Sheffield,  27,  1949,  Feb., 
221   5.  illns..  diagrs. ;    March,  241-5,  diagr. 

622.741 

Pn'H'igiuiis  Hur  h-A  mcihodes  d*<^tudes  par 
diHperMion  dt»  jihunom^nes  inti'^mssant  le 
cla^sment  par  deusite  dans  Ich  iustallations 
tie  pn'>paratioii  m('5canique.  Jacques  Turpin 
and  Audn>  IMncon.  -  -Rer.  InduHr.  Min.,  St. 
Ktienne,  No.  ."»41  (Sei-tion  Mine).  Feb.  1949. 
rtT-Sl.  diagTH. 

622.742:621.928.23 

Das  RosonanzschwingBieli  ini  Itergbau  und 
seine  Entwicklung  im  lotzten  Jahrzehnt. 
(The  ri«ouance  ehakcr  KcnNMi  in  mining  and  it« 
development  in  n*<M'nt  vcurs.)  (lerhard 
Lhike.— ///McA-rt?//.  Ksscn,  85,  Jan.  15  1949, 
44-51,  ilius.,  dia^'rs.     1  DM. 

622.766    Heavy  media  separation 

«22.760 

A  method  (if  w'panition  of  coal,  liguitc  <»r 
oil  sliale  from  wind  by  nKuin«  of  gravity  con- 
centration. J.  i>.  B.  rhipps. — ('ement  Lime 
^  (irar..  \aw\..  28.  Feb.  1949,  267-71. 
Is.  6d. 

«)22.7r>0 

Bcneliciiition  of  industrial  nducrals  by 
heavy-media  separation,  (i.  B.  Walker  anil 
C.  F.*  Allen.— .1/ in.  Engtuj.,  N.Y.,  1,  Jan.  1949. 
Sec.  3.  17  'J<5.  illus..  diiicis.,  flowsheets. 
75  c^nts*. 

622.766 

Sink-float  processes.  John  T.  Sherman. — 
rhem.  Engng.,  N.Y.,  56,  Jan.  1919,  106-9; 
1 1 1  5.  tlius.,  dlagr».     $0.50. 
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028.8    HAZARDS,  AGCIDBNTS 

r.22.8(7S) 

Some  oatfltanding  aafetj  records  in  the 
milling  and  allied  industries.  B.  G.  Wamcke 
and  Stanley  M.  Walker.— r;.*S.  Bur.  Min. 
Inform.  Ore.  7482,  Wash.,  D,C.,  Nov.  1948, 
-J4  p.,  tai». 


pressure,  sutMldence 


688.88    Rock 

4J22.831.3 

Tectonics  of  mining:  l*t.  1.  D.  W. 
Vhiinvn.— Sheffield  Unir.  Min.  Mag.,  Stieffleld, 
1948,  34-(>0,  diagw.,  biblio.     28.  6d. 

4:22.831.3 

Stress  analysis  applied  to  underground 
mining  problems :  1^.  2.  Stress  analysis 
applied  to  multiple  openings  and  piUars. 
Wilbur  I.  Duvall.— C/.N.  liwr.  Min.  Rep. 
Invest.  4387,  Wjwh.,  D.C.  Nov.  1948,  11  p., 
diagrs.,  tabs. 

023.831.6 

Ground  control — theorj'  and  practice. 
Jack  Spalding.— ^iii(.  Instn.  Min.  MetaU., 
Lond.,  507,  Feb.  1949,  1-35,  diagrs.,  bibUo. 
<Papcr  28.  6d.) 

«22.831.6 

The  rockburst  imjblcui.  (Outline  of  data 
obtained  through  g(H)ph3r8ical  research  in 
Canada.)  Km<«t  A.  Ilodgson. — Canad.  Min. 
MetaU.  BuU.  440  (Jrant.  51.  283-5),  Montreal, 
Doc.  1948,  (J«4-«J.     %\. 

«22.861(77) 

Safe  oquipmeut,  guards,  and  practices. 
Lake  Superior  district  irou-ore  mines. 
Prank  B.  Cash  and  .Max  S.  I'rtersen.— ?7..S 
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1949,  73,  iUus.    6d. 
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induction  unit. — Iron  Coal  Tr.  /?<t.,  Lond., 
158,  March  4  1949,  468,  diagr.  9d.  (From 
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Recovery  of   Sulphur  from  Smelter  Gases  by  the 

Orkla  Process  at  Rio  Tinto* 

By  H.  R.  PoTTsf,  Member,  and  E.  G.  LawfordJ,  a. h.s.m.,' Member 

Introduction 

Numerous  patents  hav6  been  granted  for  processes  designed  to 
recover  gulphur  from  industrial  gases,  but  so  far  as  the  authors  are 
aware  only  two  or  three  of  these  processes  have  been  successfully 
worked  on  a  large  scale  ;  the  object  of  this  paper  is  to  describe  one 
that  has  given  very  successful  results  in  at  least  three  different 
countries — namely,  the  process  which  was  worked  out  in  Norway 
by  Mr.  N.  E.  Lenander  of  the  Orkla  Grube  Aktiebolag  and  which 
has  the  distinguishing  feature  of  recovering  sulphur  as  a  by-product 
of  copper  smelting. 

Sulphur  was  first  successfully  recovered  as  a  by-product  from  the 
blast-furnace  smelting  of  pyritic  copper  ore  at  a  small  plant  at 
Lokken,  Norway,  about  the  year  1928.  The  success  of  this  pilot 
plant  led  to  the  construction  of  a  large  modern  smelter  with  four 
blast-furnaces  at  Tharashaven,  near  Lokken,  which  was  completed 
about  1932. 

The  first  unit  (a^  single  blast-furnace)  of  the  Rio  Tinto  plant 
went  into  production  in  August,  1930,  and  the  plant  has  since  been 
gradually  expanded  by  the  modification  of  two  more  furnaces  of 
the  original  smelter,  so  that  there  are  now,  in  all,  three  furnaces 
specially  equipped  for  the  recovery  of  sulphur. 

Reference  will,  from  time  to  time,  be  made  to  the  plants  of  both 
the  Orkla  Company,  Norway,  and  of  Mina  de  S.  Domingos,  Portugal, 
operated  by  Mason  &  Barry,  Ltd.,  but  the  main  purpose  of  these 
notes  is  to  describe  the  work  at  Rio  Tinto,  as  the  conditions  are,  in 
certain  respects,  markedly  different  from  those  prevailing  at  Orkla. 

For  convenience  of  presentation  the  paper  is  divided  into  three 
sections — namely.  Section  1 — Principles  of  the  process  ;  Section  2 — 
The  plant ;  Section  3 — Practice  of  the  process. 

♦Paper  received  on  12th  Jeuiuary,  1949. 

■fSmelter  superintendent,  Rio  Tinto  Co.,  Ltd.,  1934-1948 

JTechnical  staff,  Rio  Tinto  Co.,  Ltd. 
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SECTION   1— PRINCIPLES  OP  THE  PROCESS 

It  will  be  remembered  that  in  the  smelting  of  pyritic  copper 
ores  the  loose  atom  sulphur  is  distilled  ofif  at  the  top  of  the  charge 
column  and  burns  in  atmospheric  air.  The  iron  monosulphide 
descends  and  at  or  near  the  focus  burns  in  the  oxygen  of  the  blast, 
forming  iron  oxide  (which  is  at  once  slagged)  and  sulphur  dioxide 
gas  ;  unoxidized  monosulphide,  together  with  the  sulphide  of 
copper,  forms  the  matte,  which  also  contains  some  magnetite  and 
the  sulphides  of  lead,  zinc,  etc.  The  authors  have  referred  to 
the  compound  remaining  after  the  distillation  of  the  loose  atom 
sulphur  as  monosulphide  of  iron,  but  actually  this  compound  is 
generally  considered  to  be  FenSn^-i,  in  which  n  is  generally  taken 
to  be  about  7.     The  reactions  then  are  : 

7FeS,=  Fe7S84-3S2 (1) 

2Fe7Sg-f230,=  14FeO-fl6SO, (2) 

It  has  long  been  realized  that  under  certain  conditions  it  is 
possible  effectively  to  reduce  SOj  by  solid  carbon  according  to  the 
equation — 

S02+C=CO,+iS, (3) 

The  inventor  of  the  process  therefore  conceived  the  idea  that  if 
an  ordinary  blast-furnace,  primarily  designed  for  the  smelting  of 
sulphide  ores  to  matte,  could  be  fitted  with  a  closed  top  very 
similar  to  that  used  on  a  conventional  iron  blast-furnace  and  that 
if,  furthermore,  a  substantial  excess  of  coke  were  added  to  the 
charge,  two  results  would  follow  :  First,  the  loose  atom  sulphur 
would  not  burn,  as  there  would  be  no  oxygen  present  and,  secondly, 
the  SOg  produced  at  the  focus  would  be  reduced  in  the  course  of  its 
ascent  through  the  charge  column,  by  the  coke  present.  In  this 
fashion  a  gas  would  be  produced  containing  only  nitrogen,  carbon 
dioxide,  and  sulphur  vapour,  the  last-named  derived  partly  from 
the  loose  atom  sulphur  distilled  from  the  pyrites  while  descending 
towards  the  focus,  and  partly  from  the  reduction  of  the  SOj 
formed  near  the  focus.  On  cooling  the  gas  the  sulphur  vapour 
would  condense  and  the  sulphur  could  thus  be  recovered. 

The  Norwegian  experimenters  found  that  it  was  quite  a  simple 
matter  to  close  in  the  top  of  the  furnace  and  to  use  for  charging  a 
line  of  bells  similar  to  those  used  on  an  iron  blast-furnace.  They 
also  found  that  when  using  100  kg.  coke  per  ton*  of  pyrites  in  the 
charge  the  effect  was  as  expected  and  a  substantial  recovery  of 
sulphur  resulted. 

Ideally,  then,  the  aim  of  the  process  is  to  produce  as  much 
sulphur  dioxide  as  possible  at  the  focus  and  to  have  this  travel  up 
the  colunm  in  such  a  way  as  to  effect  complete  reduction  by  solid 
carbon  before  the  gases  leave  the  furnace.  It  is  usually  assumed 
that  this  reaction  takes  place  for  the  most  part  in  three  stages. 

♦Throughout  this  paper  the  motric  ton,  1,000  kg.  (2,205  lb.),  is  used. 
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The  first  is  represented  by  equation  (8).     In  the  second  stage  the 
COj  formed  is  reduced  by  coke  a  little  higher  up  the  furnace  : 

CO,-fC=2CO (4) 

The  CO  at  once  reacts  with  SOg  thus  : 

SO,-f2CO=iSj+2C02 (5) 

This  last  reaction  goes  towards  completion  at  temperatures  below 
600®C.  It  must  be  carefully  noted  that  if  equations  (4)  and  (5)  be 
added  together  and  like  molecules  subtracted  from  each  side  of  the 
equation  the  result  is  equation  (8).  Therefore,  from  the  point  of 
view  of  coke  consumption  per  ton  of  8O2  reduced,  it  matters  not 
at  all  whether  reduction  proceeds  in  one  step  or  in  three,  provided 
that  all  the  CO  involved  is  derived  from  CO2  produced  by  equation 
(3)  and  not  from  other  sources  wliich  will  now  be  discussed. 

Unfortunately  the  reduction  of  SO2  by  solid  carbon — equation 
(3) — will  only  take  place  with  reasonable  rapidity  at  a  temperature 
of  about  1,200°C.  and  in  the  copper  blast-furnace  the  high 
temperature  zone  does  not  extend  for  a  sufficient  distance  above 
the  focus  to  give  efficient  reduction.  In  other  words,  there  is 
insufficient  contact  time  at  the  temperatures  prevailing  for  the 
coke  to  bum  in  SO2  and  much  of  it  passes  unburnt  down  to  the 
focus,  where  it  burns  in  oxygen  to  COg.  The  greater  part  of  this 
CO2  is  reduced  to  CO  just  above  the  focus  and  then  reduces  SOg 
in  accordance  with  equation  (5).  This  burning  of  coke  in  air  at 
the  focus  has  two  very  ill  effects  :  First,  it  means  that  reduction  of 
SO2  is  done  by  CO,  using  750  kg.  of  carbon  per  ton  of  sulphur 
instead  of  only  375  kg.,  the  quantity  required  for  reduction  by 
solid  carbon  whether  directly  by  equation  (3)  or  in  stages  by 
equations  (3),  (4)  and  (5)  ;  secondly,  the  carbon  consumes  oxygen, 
which  would  otherwise  be  available  for  oxidizing  FeS  and  producing 
SO2.  The  practical  manifestation  of  this  effect  is  a  large  matte 
'  fall '  of  poor  grade. 

The  fact  has  to  be  faced  that,  in  attempting  to  carry  out  the 
reduction  of  sulphur  dioxide  by  coke  in  a  water-jacketed  furnace 
within  a  few  feet  of  the  focus,  the  aim  is  to  superimpose  a  reduction 
process  on  one  which  is  essentially  intensely  oxidizing.  The  result 
is  necessaril}'  a  compromise,  in  which  the  pyritic  smelting  is  not 
very  good  and  the  reduction  of  sulphur  dioxide  somewhat  inefficient. 

A  complete  carbon  and  sulphur  balance  is  set  out  in  what  follows 
and  a  quantitative  analysis  of  the  theory  developed  in  an  endeavour 
to  assess  the  amount  of  SOg  reduced  by  C  and  b}^  CO  respectively. 

The  authors  must,  however,  state  at  the  outset  that  in  developing 
a  quantitative  analysis  of  the  theory,  they  do  so  with  great  reserve, 
because  of  the  enormous  difficulties  involved  in  obtaining  accurate 
samples  and  analyses  of  the  furnace  gases  ;  this  subject  deserves 
a  paper  to  itself.  Suffice  it  to  say  that  even  to-day  it  is  not 
absolutely  certain  that  the  sampling  and  analysis  at  Rio  Tinto  gives 
the  correct  distribution  of  sulphur  in  the  gases  as  between  the 
various  compounds  SOg,  COS,  CSg,  etc. 

Nevertheless,  in  spite  of  this  uncertainty  and  in  spite  of  the 
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Table  I 

Typical  Furnace  Feed  and  Products 
(in  metric  tons  per  fumeu^  d&y) 


Tons 

Cu 
percent 

S 
percent 

Fe 
percent 

percent 

As 
percent 

A8h 
percent 

FEED 

Pyrites 

Quartz 

Converter  slag 
Limestone    . . . 

r 

Sulphur    

Coke 

Total     

Products 

Matte    

Slag 

Dust 

Crude  sulphur 

188-6 
51-8 
230 
16-6 
5-0 
20-9 

305-9 

49-6 

161-6 

1-5 

58-5 

1-70 
2-75 

6-23 
0-36 

4812 

1-60 

96-91 

25-32 
2-54 

96-91 

41-25 

5-33 

55-53 

51-45 
40-78 

2-60 
88-30 
18-00 

33-30 

0-71 
2-72 

2-12 

0-20 

Per  cent 
by  Vol. 

g.  per  cu.  m. 

g.  per  cu.m. 

Gares 

COa  

CO    

O2 

SO 

C 

S 

13-8 

/       0-9 

0-5 

3-0 

0-41 

24-34 
13-7 
30 

73-98 

4-82 

3-84 
2-90 

42-7 

H.S  

6-1 

cs 

20-5 

COS 

s   

7-7 
30 

Total 

85-54 

800 
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fact  that  they  make  certain  hroad  assumptions  the  validity  of 
which  may  possibly  be  questioned,  the  authors  think  it  is  worth 
while  to  set  out  a  quantitative  analysis  of  the  reduction  theory. 

The  data  required  are  given  in  Table  I. 

The  first  step  is  the  determination  of  the  volume  of  gas  per  ton 
of  pyrites  smelted  by  means  of  the  carbon  balance. 

kg.  of  Carbon  per 
1,000  kg,  pyrites 

Charged  to  the  furnace  as  coke 97*61 

Carbon  charged  to  furnace  in  limestone 0*32 


Total  carbon  charged  to  furnace 

Carbon  in  exit  gases  : 


CO,     13-8  per  cent. 
CO        0-9 

COS  

CS,    


yt         >t 


106-93 


g.  Carbon 

percu.  m. 

73-98 

4-82 

2-90 

3-84 


Total. 


85-54 


Therefore  the  volume  of  gas  per  1,000  kg.  pyrites  is — 

106-93x1,000      ,  ^_^ 

7rz-=-i =  1,250  cu.  m. 

85-54 

The  total  sulphur  in  the  exit  gases  per  1,000  kg.  pyrites  will 
therefore  be  : 

53-3  kg. 

7-7    „ 


In  SO,    ...      42-7  g.  S  per  cu.  m.  x  1,250 

,,     xi,o     ...  0*i    ,f  «y      ,,  ,«  X         ,, 


,.    CS 20-5  ,.  „ 

,.    COS  ...        7-7 

,,    S    3-0  „  „ 


*«  »>    >« 


»» 


Total...      80-0  „  „ 


»t 


i» 


X 
X 
X 


»t 


f> 


»f 


25-6  „ 
9-6  „ 
3-8    „ 


100-0 


t» 


The  sulphur  balance  can  now  be  constructed  as  in  Table  II  on 
page  7. 

The  first  step  in  the  quantitative  analysis  of  the  theory  is  to 
determine  the  quantities  of  sulphur  produced  respectively  by  the 
reduction  of  SO2  and  by  the  volatiUzation  of  volatile  sulphur.  The 
calculation  follows  : 


1 .      Calculation  of  voliitile  sulphur 

Total  sulphur  in  pyrites  

Less  Sulphur  combined  with  Cu,  Pb,  Zn,  etc. 


kg.  S  per 

1,000  kg. 

pyrites 

482-2 
19-0 


Sulphur  in  FeS, 


Therefore,  volatile  sulphur  (42  per  cent  of  sulphur  in 

FeS,)   

Add  Sulphur  in  residues  


463-2 


194-5 
25-4 


Total  volatile  sulphur 219-9 
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kg.  S  per 
1,000  kg, 
pyriUs 
2.     CalcukUion  of  atdphwr  recovered  by  reduction  of  SO^ 

Total  sulphur  charged  to  furnace  509*6 

Deduct  volatile  sulphur,  volatilized    219-9 


Fixed  sulphur  entering  smelting  zone  as  Fe^Sg  and 

non-ferrous  metal  sulphides    289*7 

Deduct  Sulphur  in  matte 66*5  kg. 

Slag     21*5  „ 

Dust   1*6  „ 


89*6 


Therefore,  sulphur  oxidized  by  blast  to  SOj    200*1 

Sulphur  lost  in  gases  and  unaccounted     119*5 


Balance,  sulphur  recovered  by  reduction  of  SOj     80*6 

The  sulphur  lost  in  gases  as  8,  CSg,  HjS  and  COS  must  also  at 

some  stage  have  existed  as  elemental  sulphur.     It  does  not  matter 

whether  this  sulphur  is  assumed  to  come  from  volatile  sulphur  or 

from  SO2  because  if  its  origin  is  the  volatile  sulphur  then  more 

than  80'6  kg.  sulphur  must  have  been  reduced  from  SOj.     Thus 

we  have  : 

kg. 

Sulphur  produced  by  reduction  of  SO2  80*6 

Sulphur  produced   by  reduction   of  SOU  but  sub- 
sequently reacted  to  form  CSj,  COS,  HjS — 

kg. 

CSj  25-6 

COS 9*6 

HjS 7-7 

42-9 

Elemental  S  3*8 

46-7 

Total  S  formed  by  reduction  of  SOj 127-3 

The  carbon  entering  into  the  reduction  reaction  is  the  total 
carbon  charged  to  the  furnace,  97-61  kg.,  less  the  carbon  combined 
to  form  CSg,  COS  and  CO,  14*5  kg.  Thus  the  carbon  entering  the 
reaction  is  83*11  kg. 

Of  the  carbon  reaching  the  focus  and  burning  to  CO2  not  all  will 
be  reduced  to  CO.  It  has  been  assumed  that  some  10  per  cent 
will  not  be  reduced  and  will  pass  into  the  gases  as  COg. 

With  the  above  data  and  assumptions  it  is  now  possible  to 

calculate  what  proportion  of  the  total  sulphur  reduced  from  SOj  is 

reduced  by  CO  and  by  solid  C. 

Let  a;  =  weight  of  carbon  reducing  SOj  by  equation  (3). 

2/  =  weight  of  carbon  burnt  to  COj  at  the  focus  but  subsequently 

reduced    to    CO    and    which    then   reacts    with    SO2    by 

equation  (5). 

X  +  y  =  831 

32a;       32(f/  — Olw)  ,^„  „ 

—  J ^ iLL-  =  127-3 

12  ^  24 
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Table  II 


Tone 

Per  cent 
S 

Sulphur 
tons 

kg.  S  per 

1,000  kg. 

pyrites 

Charged  to  Fitinace 

Pyrit-es 

188-6 

4812 

90-7 

482-2 

Residues  

60 

96-91 

4-8 

25-4 

Converter  slag 

230 

1-60 

0-4 

2-0 

Quartz  

61-8 

— 

Limestone    

16-6 

— 

Total  

2850 

95-9 

509*6 

Coke 

20-9 

Produced 

. 

Crude  sulphur 

68-5 

96-91 

66-6 

300-5 

Matte    

49-6 

25-32 

12-6 

66-5 

Slag  

161-6 

2-64 

4-1 

21-5 

1-6 

18-0 

0-3 

1-6 

Gases 

18-6 

1000 

Unaccounted  loss    

3-7 

19-5 

Total   

95-9 

509-6 

Solving  this  equation  gives  a;=18-8  and  t/=64*3.  Thus  the  sulphur 
reduced  by  CO  is  77-3  kg.  and  the  sulphur  produced  by  reaction 
of  SO2  with  sohd  C  is  only  50  kg.  or  less  than  40  per  cent  of  the 
total. 

In  the  Appendix  the  figures  for  the  three  years  1936,  1937,  and 
1938  have  been  consolidated  and  the  calculation  of  the  amount 
of  sulphur  produced  by  reduction  by  C  and  CO  respect iv(4y  has 
been  made.  It  shows  a  widelv  different  result  and  it  nmst  be 
concluded  that  no  precise  quantitative  evidence  can  be  produced. 
All  that  can  be  said  is  that  a  considerable  proportion  of  the  total 
sulphur  recovered  by  the  reduction  of  SOg  is  produced  by  CO  at  a 
<?arbon  consumption  of  750  kg.  per  ton  sulphur  and  that  the  pro- 
portion produced  by  the  efficient  reduction  by  solid  C  at  325  kg. 
carbon  per  ton  sulphur  is  probably  always  less  than  66  per  cent. 

As  the  exit  gases  contain  a  substantial  amount  of  unreduced 
SO,  it  might  be  thought  that  increasing  the  carbon /pyrites  ratio — 
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i.e.,  adding  more  coke  to  the  charge — would  effect  a  greater  degree 
of  reduction  and  thus  increase  the  recovery  of  sulphur.  In  practice, 
however,  although  it  is  possible  that  the  amount  of  reduction  is 
increased,  there  is  no  improvement  in  recovery  for  any  increase  in 
carbon  beyond  about  80  kg.  per  ton.  The  total  sulphur  in  the 
gases  remains  the  same,  but  with  a  different  distribution  between 
the  various  compounds  ;  SO2  is  diminished,  but  CSj  and  COS  are 
increased. 

It  would  seem  in  fact  that  the  C82  and  COS  in  the  exit  gases 
from  the  furnace  are  dependent  on  the  amount  of  coke  present,  the 
concentration  of  the  sulphur  vapour  and  the  quantity  of  CO  in  the 
gases.  For  example,  the  COS  is  formed  by  the  action  of  CO  on 
sulphur  vapour  at  temperatures  below  800°C.,  whereas  CSj  is 
formed  nearer  the  focus  by  reaction  between  sulphur  and  hot 
carbon.  The  hydrogen  sulphide  in  the  gases  depends  very  much 
upon  the  amount  of  sulphur  dioxide  in  the  exit  gases  and  the  con- 
centration of  water  vapour  present,  a  small  reduction  in  the  amount 
of  sulphur  dioxide  present  increases  the  HgS,  the  increase  being 

roughly  in  the  proportion  of      / —. of  S0«   for  any 

°    "^  f     r  V  partial  pressure  *  '^ 

given  concentration  of  water  vapour. 

The  effects  of  varying  the  carbon /pyrites  ratio  (i.e.  the  percentage 
of  coke  on  the  burden)  is  shown  in  Table  III.  From  these  figures^ 
it  will  be  seen  that  with  61  kg.  of  carbon  per  ton  the  process 
evidently  suffers  from  a  deficiency  of  reducing  agent.  The  8O2 
is  very  high  and  the  other  sulphur  compounds  are  not  markedly 
low.  On  the  other  hand,  with  104  kg.  carbon  there  is  no  decrease 
in  the  total  sulphur  lost  although  there  is  much  less  SOg,  as  com- 
pared with  Gas  2  (Table  III). 

Table  III 


Carbon  charged  per  ton  pyrite,  kg. 

Sulphur  as  SO2  g./cu.  m 

,,  ,,  ^o^  ,,        

,.  COS   

,,         „  HgS    

Total  sulphur  

CO2  Vol.  per  cent    

CO      ,,       ,,      ,,        

^2       '*       •*      ♦* 


1 


1040 

39-2 

18-6 

7-0 

6-9 

71-7 

14-3 

0-8 

0-5 


77-3 

51-6 

5-9 

6-2 

7-3 

710 

12-6 

0-5 

10 


610 

70-8 

5-8 

4-8 

4-6 

860 

110 

0-6 

0-8 


The    conclusion    is,    therefore,    that,    where    conditions    make 
impossible   the  further   treatment   of   the   exit   gases,   the   most 
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economical  percentage  of  coke  on  pyrite  will  correspond  to  about 
80-90  kg.  carbon  per  ton  of  ore.  Where,  however,  gases  are  free 
of  arsenic  and  can  be  subjected  to  catalysis  after  they  leave  the 
furnace,  the  coke  can  be  profitably  increased  because  the  catalysing 
of  Gas  1  (Table  III)  will  yield  a  total  of  8(4  g.  sulphur  per  cu.  m., 
whereas  the  catalysis  of  Gas  2  would  only  yield  21  g.  per  cu.  m. 
In  other  words,  with  1,250  cu.  m.  gas  per  ton  pyrites,  the  extra 
27  kg.  of  carbon  would  produce  an  additional  16  kg.  of  sulphur. 
The  reactions  upon  which  catalysis  of  the  exit  gases  depends  are  : 

SOj+CSj    =CO,    -h|S,  (6) 

SO,+  2COS  =  2C02  -f  iS,   : (7) 

S02+2H,S=2H,0+iS3  (8) 

At  Orkla  catalysis  of  the  exit  gases  has  always  been  most  success- 
fully practised  and  has  resulted  in  a  much  higher  overall  recovery 
of  sulphur  than  has  so  far  been  possible  when  treating  the  arsenical 
Iberian  ores.     The  precise  effect  of  arsenic  is  discussed  later. 

The  type  of  smelting  done  in  the  Orkla  process  is  pyritic,  as  it  is 
the  oxidation  of  a  sulphide  ore,  and  nearly  70  per  cent  of  the  heat 
generated  is  derived  from  the  oxidation  of  iron  sulphide.  For  the 
process  to  work  well  and  smoothly  it  is  essential  that  a  high  rate  of 
oxidation  should  be  at  all  times  maintained  and  to  ensure  this  a 
flux  containing  a  high  percentage  of  free  silica  is  essential. 

From  what  has  been  written  it  can  be  inferred  that  the  con- 
ventional type  of  water-jacketed  copper  blast-furnace  may  not 
be  the  most  suitable  apparatus  in  which  to  carry  out  this  process, 
in  which  a  reaction  zone  has  to  be  maintained  at  over  1,200°C.  if 
the  sulphur  dioxide  is  to  be  reduced  in  the  contact  time  available. 
This  unsuitabiHty  has  been  recognized  for  a  long  time,  but  so  far 
the  problem  of  reconciling  copper  smelting  with  high  sulphur 
recovery  in  one  apparatus  has  not,  in  the  opinion  of  the  authors, 
been  fully  solved. 

Notwithstanding  all  its  admitted  shortcomings,  the  Orkla 
process  uses  much  less  coke  per  ton  of  sulphur  produced  than  .any 
of  the  other  reduction  processes.  The  reason,  of  course,  is  that 
about  65  per  cent  of  the  sulphur  recovered  is  the  loose  atom  sulphur 
and  only  35  per  cent  is  derived  from  the  reduction  of  SO2,  whereas 
all  other  processes  first  burn  the  raw  material  to  SOg.  Thus  at 
Rio  Tinto  slightly  over  3  kg.  crude  sulphur  per  kg.  of  carbon  is 
obtained,  whereas  the  theoretical  equivalent  when  reducing  SO^  by 
C  is  2-66 ;  in  practice  the  figure  is  almost  certainly  less  than  2*00  kg. 
crude  sulphur  per  kg.  of  carbon. 

The  comparative  inefficiency  of  SO2  reduction  in  the  Orkla 
furnace  is  therefore  much  less  important  from  the  economic  stand- 
point than  would  be  the  case  if  all  the  sulphides  in  the  feed  to  the 
furnace  had  first  to  be  oxidized  to  SOg.  This  point  has  an  important 
bearing  on  the  treatment  of  sulphides  other  than  FeSg. 

Sulphur  Purification 
The  crude  sulphur  coming  from  the  condensers  and  mist  Cottrells 
contains  1*5-2  per  cent  of  arsenic  and  0-2-0-3  per  cent  of  ash. 
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Arsenic  is  removed  by  circulating  milk' of  lime  through  the  molten 
sulphur  in  autoclaves.  When  the  original  experiments  were  carried 
out  to  determine  the  most  eflBcient  method  of  refining,  various  soda 
compounds  were  tried,  with  the  idea  of  forming  sodium  thio- 
arsenate.  It  was  found  that  when  caustic  soda  was  used  mixed 
with  lime  a  much  quicker  removal  of  arsenic  resulted,  but  NaOH 
always  gave  the  sulphur  a  peculiar  greasy  appearance  and  a  bad 
colour.  Finally,  quick  lime  was  decided  upon  as  the  best,  cheapest, 
and  most  readily-available  reagent.  This  removes  arsenic  very 
efficiently,  provided  the  lime  is  of  good  quahty  and  correctly  used. 
The  lime  suspension  is  pumped  through  the  sulphur  and  re-acts 
in  the  course  of  its  passage  with  the  arsenic  present  to  form  complex 
calcium  thio-arsenates,  the  lime  containing  them  being  eventually 
run  to  waste.  The  arsenic  in  the  crude  sulphur  is  present  as  arsenic 
pentasulphide,  As^Sj,  and  the  reactions  which  take  place  when  the 
crude  sulphur  is  scrubbed  with  a  lime  suspension  are  somewhat 
obscure,  but  it  seems  probable  that  the  reaction  between  the  quick 
lime  and  the  arsenic  sulphide  in  the  crude  sulphur  proceeds  by  the 
formation  of  calcium  thio-arsenate.  As  HjS  is  not  produced  during 
refining  the  authors  consider  the  reaction  to  be — 

4  Ca<OH),H-Afl2S5H-2S2=Ca3Afl2S8H-CaS04H-4H,0 (9) 

The  theoretical  requirement  is  thus  1*47  tons  CaO  per  ton 
arsenic.  It  will  be  seen  from  Table  IV  that  the  actual  consumption 
is  between  1-8  and  2-2  tons  free  CaO  per  ton  arsenic.  There  is 
always  a  portion  of  the  CaO  which  fails  to  react  because  it  is  inert 
through  being  overburnt,  also  calcium  polysulphides  are  formed. 
The  treated  sulphur  contains  some  3  to  10  parts  per  million  of 
arsenic  and  is  passed  through  ordinary  steam-heated  filter  presses, 
these  filters  removing  the  ash  so  that  the  final  product  is  sulphur 
of  high  purity. 

SECTION  2— THE  PLANT 

The  process  flow-sheet  is  comparatively  simple  (Fig.  1),  and 
various  sections  of  the  plant  will  be  described  in  some  detail  before 
proceeding  to  the  discussion  of  metallurgical  results. 

Before  describing  the  individual  units  of  the  plant,  a  very  brief 
summary  of  the  sequence  of  operations  will  be  given. 

Sulphur-bearing  gases  from  blast-furnaces  are  cleaned  by  passing 
through  Cottrell  electrostatic  precipitator  units  ;  they  then  pass 
first  through  condensers,  where  the  larger  part  of  the  sulphur  is 
recovered,  and  then  through  a  second  set  of  Cottrells,  where  a 
further  recovery  of  sulphur  is  made.  The  crude  sulphur  contains 
arsenic,  which  is  removed  by  a  washing  process  employing  quick 
lime. 

It  should  be  clearly  understood  that  the  Rio  Tinto  plant  is  very 
much  an  improvization  and  that  it  certainly  cannot  be  described  as 
an  ideal  Orkla  process  layout.  In  this  respect  the  Norwegian 
plants  and  that  of  Mina  de  S.  Domingos,  Portugal,  are  both  much 
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BuperioF  and  it  is  hoped  that  a  full  description  will  be  given  during 
the  discuBsion  of  this  paper.  The  operators  referred  to  had  the 
advantage  of  being  unencumbered  with  an  existing  copper  smelter 
And  so  were  able  to  build  from  the  foundations  with  the  Orkia 
smelting  system  in  view.  At  Bio  Tinto,  on  the  other  hand,  there 
was  already  a  smelter  many  years  old  and  in  many  respects  already 
antiqnated,  but  from  which  the  flow  of  copper  bad  to  be  maintained. 
It  was,  therefore,  necessary  to  create  an  Orlila  smelting  plant  by  a 
step-by-step  modification  of  existing  blast-furnaces,  together  with 
the  addition  of  dust  precipitators,  sulphur  condensers,  etc.,  not  iu 


HEATER 
Fta.  1. — Flow-elieet — Orkla  fiimace  and  sulphur  washing  plant. 
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ideal  sites  and  properly  connected  to  the  furnaces  but  on  sites 
dictated  by  the  availabihty  of  space  in  the  existing  plant. 

There  is  no  doubt  that  the  ideal  layout  consists  of  smelting 
furnaces  each  coupled  to  its  own  dust  precipitator  and  sulphur 
condenser,  all  precipitators  and  condensers  being  placed  as  closa 
as  possible  to  the  furnaces.  It  will  be  seen  from  the  description 
which  follows  how  very  far  it  has  been  necessary  in  the  present 
case  to  depart  from  this  ideal. 

Blast-Purnaces 

Three  out  of  the  original  six  open-topped  furnaces  have  been 
modified  to  allow  sulphur  recovery  ;  the  first  being  No.  6  furnace^ 
the  most  easterly  one  and,  therefore,  nearest  to  the  hot  Cottrells^ 
The  conversion  of  Nos.  6  and  4  furnaces  followed  later.  The  dates 
upon  which  these  three  furnaces  were  first  blown  in  after  being 
modified  were  :  No.  6, 1  Aug.  1980  ;  No.  5,  5  Sept.  1932  ;  No.  4^ 
10  Feb.  1942. 

The  normal  copper-smelting  furnace  is  preserved  in  its  usual 
form  up  to  the  level  of  the  charging  floor,  but  instead  of  the  top 
being  left  open  and  charging  effected  through  side  doors  on  the 
level  of  the  charging  floors,  the  top  was  heightened,  completely 
closed  in,  and  equipped  with  four  sets  of  double-valved  charging 
,  bells,  very  similar  to  the  gas-tight  bells  used  on  the  normal  iron 
blast-furnace  ;  by  this  means  charge  can  be  introduced  into  the 
furnace  without  allowing  any  access  of  atmospheric  air.  Fig.  2 
(Plate  I)  shows  the  construction. 

It  will  be  seen  from  Table  V  that  the  dimensions  of  the  three 
furnaces  are  not  identical.  All  of  them  have  the  same  height  and 
use  standard  12-ft.  side  jackets,  but  the  rake  of  the  jackets  is 
different,  being  much  greater  in  No.  6  ;  this  large  flare  was  origin- 
ally given  with  the  idea  of  reducing  the  gas  speeds  in  the  furnace 
and  thereby  effecting  a  better  reduction  of  SO2  ;  the  authors 
think  that  in  many  ways  No.  6  has  been  consistently  the  most 
satisfactory  furnace,  perhaps  because,  having  the  shortest  flue 
connecting  it  with  the  hot  Cottrells,  less  back  pressure  is  developed 
and  a  faster  smelting  rate  results.  However,  the  wide  flare  has 
the  disadvantage  of  needing  specially  large,  non-standard  end  and 
.breast  jackets.  The  jackets  are  all  made  entirely  by  electric 
welding,  the  fire  sheets  being  of  a  |-in.  mild  steel,  and  the  back 
sheets  of  -^-in.  The  12-ft.  jackets  are  satisfactory  on  the  open- 
topped  furnaces,  but  they  are  not  sufficiently  stiff  to  resist  the 
heavy  thrust  imposed  by  an  18-ft.  charge  column  and  they  tend 
to  buckle,  even  though  they  are  reinforced  by  throe  heavy  buck 
stays  bolted  across  each  side  of  the  furnace.  Leading  particulars 
are  given  in  Table  V. 

The  upper  part  of  all  the  furnaces,  above  the  jackets,  is  supported 
on  a  framework  of  box  girders  and  consists  of  a  steel  box  welded  at 
the  joints.  This  is  solidly  lined  with  18  in.  of  good-quahty  fire- 
brick ;  the  roof  of  the  furnace  between  the  charging  bells  is  formed 
by  an  arch  made  of  carefully  cut  and  fitted  firebricks.     The  furnace 
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Table  V 

No.  6  Furnace  Noa,  4  and  5  Furnaces 

Length 18  ft.  18  ft. 

Number  of  charging  bells  ...       4  4 
Height  from  cloeed  bells  to 

floor  21  ft.  7  in.  22  ft. 

Height  from  top  of  jackets 

to  roof  10  ft.  2  in.  9  ft.  11  in. 

Width  at  top  of  jcu^kets     ...       9  ft.  4  in.  5  ft.  5  in. 

,,         „  tuyeres    4  ft.  5  in.  3  ft.  5  in. 

Hearth  area 82*6  sq.  ft.  61  sq.  ft. 

Number  of  tuydres 36  36 

Diameter  of  tuyeres    4  in.  4  in. 

Tuyere  area 3*14  sq.  ft.  3*14  sq.  ft. 

Ratio — Hearth     to     tuydre 

area  26  to  1  19  to  1 

Height  c/1  of  tuyeres  to  floor       2  ft.  6  in.  2  ft.  6  in. 

Number  of  gas  ports 5  18 

Height  of  gcw  ports 1  ft.  6  in.  1  ft.  4  in. 

Width  of  gas  ports 3  ft.  7J  in. 

Total  area  of  gas  ports  22-5  sq.  ft.  14*4  sq.  ft. 

Number  of  side  jackets 12  12 

Dimensions  of  side  jackets...  12  ft.  3}  in.  by  3  ft.        12  ft.  3}  in.  by  3  ft» 
Flare  of  jackets  from  centre 

line  of  tuyeres 1  ft.  in  2  ft.  1  ft.  in  4  ft.  9  in. 

bottom  is  put  in  with  one  lower  row  of  firebrick  and  an  upper  one 
of  magnesite  brick  ;  the  use  of  firebrick  alone  for  the  furnace 
bottoms  has  been  found  unsatisfactory,  because  of  the  scouring 
efifect  of  the  slag. 

The  practice  of  lining  the  inner  side  of  the  water  jackets  com- 
pletely with  good-grade  firebricks  for  the  full  height  of  the  jacket, 
has  been  made  standard  in  the  Norwegian  plants,  upon  the 
supposition  that  this  will  maintain  a  higher  temperature  next  to 
the  jacket  and  therefore  lead  to  better  reduction  of  SO^,  and  also 
that  the  hot  surface  of  the  brickwork  may"  have  a  catalysing  effect. 
This  lining  has  been  tried  once  or  twice  at  Rio  Tinto,  but  its  use 
has  been  discontinued  for  many  years  past,  as  it  was  found  that  the 
lining  is  soon  fluxed  away,  leaving  the  jackets  bare  again. 

The  gases  leave  the  top  of  the  furnaces  through  ports  and  are 
conducted  to  the  hot  Cottrells  by  rectangular  insulated  flues, 
which  lead  into  a  junction  box,  on  which  the  valves  for  regulating 
the  flow  of  gas  into  the  various  filter  chambers  are  situated,  each 
pair  of  chambers  having  its  own  isolating  valve. 

The  flues  connecting  Nos.  4  and  5  furnaces  have  each  an  internal 
cross-sectional  area  of  14-30  sq.  ft.  ;  the  flues  are  well  insulated 
with  IJ-in.  thick  slabs  of  an  asbestos  material,  backed  up  by  a 
tirebrick  lining  ;  the  calculated  gas  speed  through  these  flues  at 
400°C.  is  17-5  ft. /sec.  These  long  flues  are  an  undesirable  feature 
of  the  Rio  Tinto  plant,  but  because  of  the  existing  layout  of  the 
original  furnace  plant  they  are  unavoidable.  They  form  a  great 
obstacle  on  the  furnace  feed  floor,  hindering  ready  access  to  the 
furnaces  ;    they  also  slowly  fill  up  with  a  layered  deposit  of  dust 


16        H.  R.  POTTS  AND  E.  G.  LAWPORD  :    RECOVERY  OF  SULPHUR 

and  condensed  sulphur,  which  thus  increases  the  back  pressure  in 
the  furnace  and  tends  to  slow  down  the  rate  of  smelting. 

The  valves  on  the  junction  box,  which  are  operated  by  a  pinion 
and  rack  arrangement,  are  preferably  made  of  chrome  iron,  with 
chrome  steel  spindles,  and  .when  thus  equipped  they  give  no  trouble. 

The  furnaces  are  charged  by  5  h.p.  Morris  pulley  block  hoists, 
which  travel  on  an  *  I  *  section  beam  running  along  the  centre  line 
of  the  bells,  by  means  of  which  small  *  buggies  *  of  ore  can  be  picked 
up  and  tipped  into  the  charging  bells.  These  buggies  are  adapted 
to  sit  on  the  undercarriage  of  the  normal  charge  wagon  and  they 
can,  therefore,  be  run  under  the  bins  and  filled  in  exactly  the  same 
manner  as  the  side  dump  cars  used  with  the  open- top  furnaces. 
The  settlers  are  the  same  size  as  those  used  with  these  ordinary 
furnaces,  although  the  total  burden  smelted  daily  in  the  sulphur 
furnaces  is  much  smaller — about  280  tons  compared  with  400-450 
tons  ;  their  diameter  is  14  ft.  unlined  and  11  ft.  3  in.  Uned,  and  the 
depth  is  4  ft.  8  in.  unUned  and  8  ft.  10  in.  lined.  The  lining  consists 
entirely  of  magnesite  bricks  on  the  bottom,  and  two  rows  of  fire- 
bricks, backed  up  by  one  of  magnesite  bricks,  round  the  circum- 
ference. (The  term  *  magnesite  bricks  *  includes  chrome-magnesite 
bricks,  which  have,  on  the  whole,  been  found  to  give  better  service 
than  straight  magnesite  ;  straight  chrome  bricks  have  also  been 
used  in  the  settlers,  but  were  found  to  be  no  improvement  upon 
the  magnesite  bricks.) 

The  cubic  capacity  of  one  of  these  settlers  when  newly  lined  is 
about  340  cu.  ft.,  which  is  equivalent  to  a  holding  capacity  of 
40  tons  of  matte,  but,  unless  very  careful  furnace  control  is 
exercised,  the  capacity  will  be  drastically  reduced  by  magnetite 
accretions  until  it  may  be  no  more  than  a  fifth  of  what  it  was 
originally  ;  this  point  is  dealt  with  more  fully  later  in  the  paper. 
At  Orkla  and  S.  Domingos  portable  settlers  of  much  smaller 
capacity  are  used  and  the  substitution  of  such  settlers  was  at  one 
time  under  consideration  at  Bio  Tinto,  but  the  idea  has  been  given 
up  now  that  it  has  been  learnt  how  to  keep  the  big  fixed  settlers 
*  open  '. 

Hot  Cottrells 

These  are  of  the  vertical  chamber  type  and  they  origiAally 
consisted  of  two  blocks  in  parallel,  each  block  containing  two  filter 
chambers.  The  material  chosen  was  brick,  but  new  Cottrells  have 
now  been  built  in  concrete  with  a  firebrick  lining,  which  should 
prove  a  more  satisfactory  type  of  construction. 

Fig.  3  (Plate  II)  shows  details  of  one  unit  of  the  Cottrell 
precipitator.  When  the  first  furnace.  No.  6,  was  converted  for 
sulphur  recovery,  four  hot  Cottrells  were  provided  to  clean  the 
gases,  and  they  were  guaranteed  to  give  better  than  90  per  cent 
clearance  on  a  gas  which  contains  5-6  g.  of  dust  per  cu.  m.  at 
400°C. 
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The  total  gad  capacity  was  9-2  cu.  m.  (82*7  cu.  ft.)  per  sec.  at 
400^0. ;  as  the  cross-sectional  area  of  each  filter  chamber  is 
6-5  sq.  m.,  the  calculated  gas  velocity  is  0-35  m.  per  sec.  (1-15  ft. 
per  sec). 

The  brickwork  construction  of  the  original  Cottrells  proved 
difficult  to  maintain.  Distortion  of  the  structure  threw  the 
electrodes  out  of  alignment,  causing  short  circuits  and  necessitating 
frequent  shut  downs.  Accordingly  in  June,  1934,  when  a  second 
sulphur  furnace  was  blown  in,  two  more  chambers  were  added  in 
order  to  insure  that  two  chambers  per  furnace  would  always  be 
available. 

Provided  that  the  electrical  installation  is  functioning  properly 
two  chambers  will  give  perfectly  satisfactory  gas  cleaning.  The 
gas  produced  by  each  furnace  is  400  cu.  m.  per  min.  measured  at 
400^C.,  and  as  tlae  cross-sectional  area  of  two  chambers  is  13-0  sq.  m. 
the  gas  velocity  is  0*5  m.  per  sec.  (say  1*6  ft.  per  sec).  Table  VIII 
shows  that  95  per  cent  dust  clearance  is  obtained. 

The  electrode  assembly  consists  essentially  of  a  series  of  flats, 
each  70  mm.  wide  by  1'6  mm.  thick  and  3*175  m.  long,  connected 
bv  cross  members  so  that  in  effect  thev  form  a  plate  or  *  frame  '. 
There  are  11  such  plates  or  *  frames  *  to  each  chamber  and  they  are 
spaced  251  mm.  apart.  These  plates  are  earthed.  Between  the 
earth  plate  assemblies  are  the  emission  strips  which  are  flats  18  mm. 
wide  by  3  mm.  thick  and  4*21  ra.  long.  These  flats  are  hung  with 
their  18  mm.  dimension  at  right  angles  to  the  earth  plate,  and  the 
distance  from  the  edge  of  the  emission  strip  to  the  earth  plate  is 
116  mm.  The  omission  strips  are  spaced  132  mm.  centre  to  centre* 
They  are  supported  by  a  cross  member  forming  a  main  suspensiork 
and  are  stiffened  by  a  similar  cross  member  at  the  bottom  of  the 
assembly.  Fig.  4  shows  in  perspective  the  electrode  assembly,, 
and  leading  particulars  of  the  plant  are  given  in  Table  VI. 

All  the  electrodes  in  the  Cottrells  were  originally  made  of  mild 
steel,  the  emission  electrodes  being  wires,  and  the  earth  plate 
frames  were  made  up  of  ordinary  corrugated-iron  sheets  ;  the 
results  obtained  were  far  from  satisfactory,  as  mild  steel  is  rapidly 
attacked  at  400°C.  by  sulphur  vapour.  Chrome  steel  was 
accordingly  substituted  and  has  given  very  satisfactory  results.  A 
typical  analysis  of  the  steel  used  at  Rio  Tinto  is  : 

Per  cent 

Cr 18-53 

8 0015 

C oil 

P 0016 

Si 0-38 

Mn  0-22 

It  has  been  found  by  experience  that  any  steel  with  a  lower 
chromium  content  than  18  per  cent  is  quickly  attacked  by  the 
gases.  High  chromium  steels  tend  to  become  brittle  after  pro- 
longed heating  at  temperatures  in  the  range  of  400-500°C., 
particularly  above  475°C.     This  tendency  is  much  reduced  if  the 
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tio   i —  Hot    Gottrell — electrode  asaombly  (porapect    evew) 
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Table  VI 
Hot  Cottrell — Lbadinq  Pabticulass 
Total      overall  height  — 


41  ft.  0  in. 
30  ft.  0  in. 


9  ft.  6  in. 

7  ft.  0  in. 

8  ft.  6  in. 

10  ft.  0  in. 

5  ft.  6  in. 
14  ft.  0  in. 


12*50  m.) 
9- 10  m.) 

2*904  m.) 

2-14  m.) 
2-58  m.) 

305  m.) 

167  m.) 
4-25  m.) 


8  ft.  3  in.  by  8  ft.  6  in.  (2-51  m.  by  2-58  m.) 
70  sq.  ft.  (6-50  sq.  m.) 
2*5  m.  by  3  m.  high 

3175^nm.  by  70  mm.  by  1-5  mm.  thick 


cover  plates  to  hoppers 
Height   from    c/1   of  gas 

inlets  to  cover  plates  ... 
Distance  from  c/1  of  gas 

inlets     to     bottom     of 

hoppers 

Distance     from     top     of 

emission    electrodes    to 

cover  plates 

Distance  from  top  of  earth 

frames  to  cover  plates. . . 
Distance  from  c/1  of  gas 

inlets     to     bottom     of 

electrodes 

Distance  from  top  of  gas 

distributor      cone      to 

bottom  of  electrodes  . . . 
Total  height  occupied  by 

electrodes 

Internal     dimensions     of 

chambers' 

Areas  of  each  filter 

Size  of  earth  plates 

Dimensions  of  earth  plate 

strips 

Number       of       negative 

emission       strips       per 

chamber   160 

Dimensions    of    emission 

strips 4260  mm.  by  18  mm.  by  3  mm.  thick 

Spacing     between     earth 

plates    251  mm. 

Spacing  between  emission 

strips — centre  to  centre       132  mm. 
Spacing     between     earth 

plate  strips— oentre  to 

centre    92  mm. 

Spacing  between  edge  of 

emission      strips      and 

earth  plates 116  mm. 

Power   used  per    100,000 

cu.    ft.   of  gas  cleaned 

(measured  at  400*'C.) ...  1-724  kWh 

Number  of  earth  frames 

in  each  chamber 11 

chromium  content  is  below  about  15  per  cent,  but  increases  rapidly 
above  about  17  per  cent  Cr.  This  embrittlement  can  lead  to 
excessive  breakage  of  costly  steel  and  is  avoided  to  a  large  extent 
by  using  steel  of  18  per  cent  Cr  rather  than  20-25  per  cent  Cr. 

The  rapping  gear  for  dislodging  dust  is  automatic  ;  the  frame 
from  which  the  emission  (negative)  electrodes  are  hung  (one  frame 
in  each  chamber  or  filter)  is  suspended  from  two  shafts,  each  of 
which  receives  a  blow  every  50  sec. — i.e.,  the  frame  receives  a  blow 
every  25  sec.  delivered  from  alternate  sides.  The  hammers,  which 
have  wooden  shafts  shod  with  a  steel  ring,  are  chain-driven  through 
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small  motors.  The  earth  plates  (positive)  are  rapped  continuously 
in  the  same  manner.  There  is  also  a  hand  rapping  apparatus  for 
the  bottom  of  the  emission  electrodes,  which  is  used  as  and  when 
required,  but  naturally  the  current  must  be  taken  off  the  filters 
before  this  can  be  done,  as  the  hand  rapping  gear  is  not  insulated. 
The  present  electrical  equipment  of  the  Cottrell  chambers  is  : 

3  30-kVA  transformers,  220/68.000  V,  50  cycles. 
3  Rotary  disc  rectifiers. 

Armoured  cables  are  used  for  the  high  tension  supply  to  the 
chambers. 

Each  rectifier  can  supply  a  maximum  of  60  mA  on  the  hot 
Cottrells  and  90  mA  on  the  cold.  The  load  on  the  transformers  is 
between  one  third  and  one  half  of  their  full  rating. 

Each  pair  of  chambers  is  connected  in  parallel  electrically,  and 
normally  consumes  35  mA  of  rectified  current  on  the  hot  Cottrells 
and  85-55  mA  according  to  the  temperature  of  the  gas  on  the  cold 
Cottrells. 

The  total  consumption  of  the  whole  Cottrell  plaiit  is  approxi- 
mately  84  kW  per  hour.  The  polarity  of  the  current  used,  as  has 
already  been  indicated,  is  negative  on  the  emission  electrodes,  or 
strips,  and  positive  on  the  precipitator  electrodes,  or  earth  plates. 

Sulphur  Condensers 

The  three  sulphur  condensers  are  each  constructed  as  two  fire- 
tube  boilers  operating  in  series,  the  gases  passing  through  tubes 
•  surrounded  by  water.  The  first,  or  high  pressure  boiler,  has  a  drum 
with  an  internal  diameter  of  6  ft.  1  in.  and  contains  881  tubes,, 
each  of  IJ-in.  internal  diameter  and  12  ft.  4  in.  long,  with  a  surface 
of  8,920  sq.  ft.  The  second,  or -low  pressure,  contains  250  tubes, 
each  of  2-in.  internal  diameter,  and  6  ft.  4  in.  long,  with  a  surface 
of  782  sq.  ft.  The  total  heating  surface  of  one  cooler  is  therefore- 
4,702  sq.  ft.,  or  487  sq.  m.  Fig.  5  (Plate  III)  shows  the  general 
arrangement  of  one  unit. 

As  each  furnace  needs  its  own  cooler  there  is,  if  it  is  assumed  that 
a  furnace  smelts  180  tons  of  mineral  per  24  hr.,  2-4  sq.  m.  of  cooling 
surface  per  ton  of  mineral  smelted.  Later  experience  has  indicated 
that  it  would  be  advantageous  to  have  a  surface  of  about  8  sq.  m. 
per  ton  of  mineral  smelted. 

The  boilers  were  designed  for  the  conditions  set  out  in  Table  VIL 

Table  VII 

H.P.  Side  L.P,  Side 

Steeun  pressure 75  lbs.  p.s.i.  19  lbs.  p.s.i. 

Gas  volume  N.T.P.,   c.f.m.  7,900  7,900 

Spec,  heat  0-232  — 

Sulphur  content    235  g.  /cu.  m.  — 

Temperature  of  gas  : 

Entering 380°C.  ISO^C. 

Leaving  180°C.  150°C. 

Evaporation:   Ib./hr 2,500  537 

The  Norwegian  and  Portuguese  plants  both  use  coolers  which 
are  designed  on  the  opposite  principle — that  is  to  say,  the  water 
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passes  through  the  tubes,  which  are  surrounded  by  the  gases.  In 
general  there  is  little  doubt  that  this  water-tube  boiler  is  superior 
to  the  Rio  Tinto  type,  and  gives  better  results  ;  a  greater  pro- 
portion of  the  sulphur  is  condensed,  not  because  the  gases 
are  cooled  better  than  by  the  Rio  Tinto  boilers,  but  because  the 
tubes  act  as  baffles  and  help  to  precipitate  the  sulphur  mist ;  also 
less  frequent  cleaning  is  required. 

It  should  here  be  remarked  that  at  the  Norwegian  plant  very 
efficient  use  is  made  of  the  steaip  raised.  The  steam  produced 
is  superheated  in  an  independent  oil-fired  superheater  and  then 
used  in  a  steam  turbine.  The  power  generated  not  only  supplies 
the  blowers,  motors,  pumps,  and  all  other  requirements  of  the  whole 
smelting  plant,  but  also  puts  a  small  amount  of  surplus  power  back 
on  to  the  mine  grid. 

At  Rio  Tinto  the  use  of  steam  for  raising  power  is  prevented 
largely  by  the  fact  that  it  is  required  in  the  sulphur-washing  plant 
for  heating  purposes. 

Cold  (Mist)  Cottrells 

After  leaving  the  coolers,  the  gases  pass  to  the  mist  Cottrell, 
which  is  similar  in  all  respects  to  the  precipitators  used  for  dealing 
with  the  hot  gases,  except  for  the  fact  that  it  is  smaller,  consisting 
of  four  chambers  only  ;  the  electrode  assemblies  are  made  of  plain 
mild  steel. 

The  function  of  the  cold  Cottrells  is  not,  of  course,  to  clean  the 
gases  of  dust,  but  to  precipitate  the  mist  of  liquid  sulphur  which 
has  been  carried  past  the  coolers  ;  the  sulphur  dripping  from  the 
electrodes  is  collected  at  the  bottom  of  the  chamber  and  flows 
against  the  incoming  gas  stream  and  joins  the  sulphur  stream  from 
the  bottom  of  the  cooler. 

Typical  operating  results  for  the  hot  and  cold  Cottrells  are 
shown  in  Table  VIII  on  the  next  page. 

Sulphur  Purification  Plant 

The  equipment  of  the  purification  plant,  or  washery,  is  simple, 
as  befits  what  is  essentially  a  simple  process  :  it  consists  of  large 
open  storage  tankj^  for  sulphur,  autoclaves,  tanks  for  preheating 
the  lime  suspension,  agitator  tanks  in  which  further  arsenic  removal 
can  be  carried  out  if  necessary,  filter  presses,  together  with  pumps 
for  transferring  sulphur  from  one  tank  to  another,  and  a  storage 
tank  for  filtered  sulphur. 

All  the  tanks  and  autoclaves  are  fitted  with  internal  steam  coils 
and  are  well  lagged  externally  ;  the  filter  presses,  and  all  pipe 
lines  through  which  sulphur  flows,  are  steam-jacketed,  the  steam 
being  supphed  by  the  sulphur  coolers. 

There  are  three  autoclaves  and  each  has  its  own  tank  for  heating 
the  hme  suspension.  There  are  two  filter  presses  which  serve  the 
three  units. 
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Table  VIII 

COTTRELL   AND   COKDENSKB   OPERATING   DaTA 

Hot  Ck)TTRELL 

Furnace  days 619 

Pyrites  smelted,  Uma »0,487 

Burden  smelted.  Urns    134,133 

Crude  sulphur  produced,  tons 28,023 

Ash  in  crude  sulphur,  per  cetU    0*24 

Equivalent  to  dust,  tons 67*0 

Dust  collected,  tons  1,414-0 

Total  dust  burden  of  gas,  ton«    1,481*0 

Dust  per  ton  pyrites,  kg 16'36 

Efficiency  of  clearance,  jaer  cent 96*6 

Dustburdenof  gas,  ^.j^ercu.  m.  of  ^(^(^°C 6*26 

ff  99  99         99         99  99         99         99        99    xV*X  aX^**  •••••••••••••••••••••■  •  XO   vv 

Power  used,  kWh 173,000 

Condenser 

Gas  cooled  per  min.,  cu. /f.  ^.T.P 6,900 

Temperatures : 

Entrance  to  H.P.  side,  **C 396 

Exit  of  H.P.  side  and  entrance  to  L.P.  side,  *»C 180 

„      „  L.P.  side,  °C ^ 149 

Steam  pressures : 

H.P.  side,  p.fi.t '  46 

L.P.      „        „     12 

Evaporation : 

H.P.  side,  /6.  per  hr 2,700 

Cold  Cottrell 

Temperature  of  gas  at  entrance,  °C  166 

„   „     „exit, '^C 126 

Power  used,  kWh.  (519  furnace  days)  100,100 

Storage  Monoliths 

These  are  simply  very  large  wooden  boxes,  each' approximately 
24  m.  by  10  m.  by  8  m.  :  the  ends  are  permanent,  but  the  sides  are 
raised  as  required  by  bolting  additional  planks  upon  the  uprights 
which  are  evenly  spaced  down  the  long  sides.  When  full,  each 
monolith  contains  about  8,100  tons  of  sulphur,  which  is  dug  out 
and  loaded  by  hand  into  railway  Avagons. 

SECTION  3~THE  PRACTICE   OF  THE  PROCESS 

Smelting 

The  sulphur  furnaces  will  each  smelt  on  the  average  180  tons  of 
pyrites  per  day  ;  they  normally  produce  some  45  to  50  tons  of 
matte  and  about  50  tons  of  crude  sulphur  per  furnace  day.  In 
Table  I  are  given  details  of  a  typical  furnace  charge  together  with 
the  analysis  of  ores  and  furnace  products  ;  the  ratio  of  concentra- 
tion, mineral  to  matte,  during  the  past  five  years  has  been  : 
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Ratio  of  Concentration 

1944 3-8    to  1 

1945 3-2     „  1 

1946 3-5     „  1 

1947 3-56  „  1 

1948 3-5     „  1 

• 

The  grade  of  ore  now  being  smelted  at  Eio  Tinto  lies  between 
1-6  and  2-0  per  cent  Cu  and  the  matte  produced  by  the  furnaces 
contains  about  6-8  per  cent  Cu.  Matte  of  such  low  grade  is  unsuitable 
for  direct  converting  and  up  to  the  present  has  been  concentrated 
by  resmelting  in  a  normal  blast-furnace.  In  the  future,  however,  it 
is  contemplated  that  this  re-smelting  may  be  done  in  a  closed-top 
furnace  and  a  portion  of  the  sulphur  contained  in  the  low-grade 
matte  recovered.  This  re-smelting  of  the  low-grade  matte  in  a 
closed-top  furnace  with  the  recovery  of  the  sulphur  is  current 
practice  at  Thamshaven. 

In  regard  to  the  actual  smelting  practice  from  the  point  of  view 
of  cQpper,  there  is  Uttle  to  say,  except  that  troubles  will  arise  from 
the  freezing-up  of  the  settlers  unless  the  nature  of  the  slag  produced 
is  carefully  controlled.  It  is  difficult  to  maintain  a  satisfactory  slag 
at  Rio  Tinto,  because  of  the  lack  of  a  suitable  siliceous  flux  with  a 
high  free  silica  content,  e.g.,  95  per  cent  SiOg  ;  the  fact  that  the 
siliceous  flux  contains  considerable  quantities  of  combined  silicates 
has  a  detrimental  effect  upon  the  sulphur  reduction  process,  because 
it  lowers  the  focus  temperature.  If  the  silicate  degree  is  allowed  to 
fall  too  low  the  slag  will  contain  a  large  quantity  of  magnetite, 
which  settles  out  and  builds  up  on  the  bottom  of  the  settler  :  this 
process  will  be  appreciably  hastened  whenever  the  blast  is  taken 
off  the  furnace  and  the  molten  contents  of  the  settler  are  allowed 
to  remain  quiescent  for  any  length  of  time.  This  fact  has  led 
to  the  use  of  portable  settlers  at  both  Orkla  and  S.  Domingos, 
but  by  careful  furnace  control  and  the  emptying  of  the  settlers, 
whenever  the  blast  is  off  the  furnace  for  more  than  a  very  short 
time,  settler  difficulties  at  Rio  Tinto  have  been  quite  overcome, 
as  can  be  seen  from  the  fact  that  the  average  length  of  a  furnace 
campaign  is  six  to  eight  months.  At  Rio  Tinto  therefore,  con- 
ventional settlers  have  been  retained. 

It  may  be  of  interest  to  note  that  experience,  both  at  Orkla  and 
Rio  Tinto,  has  shown  that  tuyere  punching  is  not  desirable  and 
tends  to  upset  the  steady  working  of  the  furnace  :  as  little  punching 
as  possible  is,  therefore,  done  and  the  tuyeres  rarely  show  any  *  fire  *. 

With  regard  to  smelting  practice,  from  the  point  of  view  of 
sulphur  recovery,  the  sizing  and  condition  of  the  whole  charge, 
which  includes  coke,  has  an  important  bearing  upon  the  results 
obtained.  It  is,  of  course,  obvious  that  the  more  evenly  the  coke  is 
distributed  throughout  the  charge,  the  better  will  be  the  reduction 
of  SO2,  and  that  the  less  fines  there  are  in  the  charge  generally  the 
less  work  will  be  thrown  upon  the  hot  Cottrells  in  removing  dust 
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from  the  gases.     The  ore  is  prepared  by  screening  on  1-in.  square 

mesh  and  the  upper  Hmit  is  an  8-in.  ring.     It  has  not  yet  been 

possible  to  explore  the  effect  of  closer  sizing  and  possibly  bedding 

of  the  furnace  charges  ;  closer  sizing  may  be  more  important  than 

has  hitherto  been  believed,  and  it  would  be  interesting  to  see  the 

effect  of  smelting  a^  carefully-sized   charge  in  which  everything 

would  have  passed  through  a  8-in.  ring  and  be  held  on  a  1-in.  ring, 

coke  and  fluxes  included.     A  charge  of  this  kind  might  possibly  lead 

to  better  reduction  of  SOj  by  preventing  channelling  of  the  gas 

streams  through  the  furnace  column.     Such  a  reduction  in  the  size 

of  the  charge  would  undoubtedly  require  an  increase  in  the  blowing 

pressure  and*  would  call  for  more  powerful  blowers  than  those 

used  at  present.     Furthermore,  the  cost  of  preparing  a  graded 

charge  would  be  considerable. 

The  coke  used  for  the  process  must  on  no  account  contain  more 

than  1^  per  cent  of  volatile  matter  if  bad  discolouration  of  the 

resulting  sulphur  is  to  be  avoided.     Experience  has  proved  the 

desirability  of  having  the  coke  carefully  sized,  because  a  large  piece 

of  coke  of,  say,  8  in.  presents  a  much  smaller  surface  for*  SOj 

reduction. (or  COg  reduction)  than  would  the  equivalent  weight  of 

coke  in  pieces  of  IJ-in.  diameter i     The  specification  aimed  at  for 

coke  for  the  furnaces  is  : 

Volatile  matter not  to  exceed  1  percent 

■"ftn ,,     ,,         ,,       o     ,,      ff 

Moisturfe ,.     „        „      3    „      „ 

Size 40-60  mm. 

Actually  great  difficulty  has  been  experienced  in  obtaining  Spanish 
coke  which  even  approaches  this  ideal ;  most  of  the  coke,  received 
from  the  North  of  Spain,  contains  not  less  than  15  per  cent  ash, 
and  on  occasions  26  per  cent,  while  the  moisture  is  rarely  less  than 
10  per  cent  and  sometimes  reaches  15  per  cent. 

The  Furnace  Gases 

Although  a  direct  analysis  of  the  gases  as  they  issue  from  the 
furnace  top  has  never  been  made,  it  is  known  that  substantially 
they  consist  of  nitrogen,  sulphur  vapour,  and  carbon  dioxide, 
together  with  some  unreduced  SO2.  In  addition,  the  gases  contain 
varying  amounts  of  carbon  disulphide,  carbon  oxy-sulphide,  and 
hydrogen  sulphide. 

After  the  gases  have  been  cleaned  in  the  hot  Cottrells,  and  have 
been  passed  through  the  sulphur  condensers  and  mist  Cottrells, 
they  are  discharged  to  atmosphere.  The  average  analysis  of  our 
gases  at  present  as  they  leave  the  cold  Cottrells  is  : 

Sulphur  as  SO, 58  g.  per  cu.  m.  (4-1  per  cent  SOo  by  volume) 

»»  »»  -tlj^ o   ,,    ,,     „      ,,   (U*4     „       ,,     -tl*^    »»         »»       ) 

COS 6 

esj 6 

S  vapour....       4 


»♦  »»      V.'^-'*-' V/        ff  ff  fy  ,, 

»»  »»    ^Oj    U      yf       jf         ,,         ff 

„         „  S  vapour...       4  „    „     „     „ 


>»     t» 


Total  80  „    „ 

CO, 100  per  cent 
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It  was  found  that  the  composition  of  the  end  gases  fluctuates 
violently  with  changing  furnace  conditions,  but  the  figures  given 
represent  the  average  of  several  hundred  samples  and  may  be 
taken  as  typical  of  the  gases  to  be  obtained  with  9-10  per  cent  of 
•coke  on  the  ore. 

Catalysis  has  not  so  far  been  used  at  Eio  Tinto,  mainly  owing  to 
the  fact  that  the  Rio  Tinto  ore  contains  substantial  quantities  of 
arsenic.  The  presence  of  arsenic  introduces  complications  through- 
out the  process  which  are  not  met  with  at  the  Norwegian  plant. 
It  is,  in  fact,  the  presence  of  arsenic  in  the  Spanish  ores  which 
explains  the  difference  in  practice  and  also  the  lower  recovery  of 
sulphur  obtained  at  Rio  Tinto  compared  with  the  plant  in  Norway, 
where  pyrite  with  a  very  low  arsenic  content  is  smelted.  The 
reason  why  arsenic  has  such  a  marked  effect  on  the  whole  operation 
resides  in  its  effects  on  the  viscosity  of  sulphur  %and  the  dew  point 
of  the  gases.  At  Rio  Tinto,  with  gases  carrying  230-250  g.  of 
sulphur  and  about  5  g.  of  arsenic  per  cu.  m.,  a  sulphur  containing  a 
high  percentage  of  arsenic  begins  to  condense  at  temperatures  as 
high  as  850°C.,  whereas  with  an  arsenic-free  gas  the  saturation 
point  would  be  much  below  that  temperature.  Furthermore,  the 
liquid  sulphur  condensed  will  contain  14  per  cent  or  more  of  arsenic, 
w^hich  imparts  to  it  a  degree  of  viscosity  which  practically  inhibits 
flow.  Once  a  deposit  of  high-arsenic  sulphur  has  formed  a 
subsequent  rise  of  temperature  will  not  re-evaporate  it  ;  some 
sulphur  is  re-evaporated,  but  the  whole  of  the  arsenic  is  concen- 
trated in  the  remainder,  increasing  the  viscosity  and  further  raising 
the  boiling  point. 

Any  attempt  to  pass  the  gases  over  a  catalyst  mass  between  the 
hot  Cottrells  and  the  coolers  is  doomed  to  failure,  as  it  would  be 
-quite  impossible  consistently  to  maintain  the  gases  at  a  temperature 
above  350°C.  Variations  in  conditions  inside  the  furnace 
frequently  cause  a  lowering  of  the  temperature  of  the  gases  at  the 
<*xit  of  the  hot  Cottrells  to  something  considerably  below  850°C. 
The  effect  of  this  would  be  the  rapid  deposition  of  arsenical  sulphur 
on  the  mass,  which  would  thus  be  completely  blanketed  in  a  very 
short  time. 

The  problem  cannot  be  solved  by  running  the  furnaces  with  a 
low  colunm  and  consequently  a  hot  top,  as  there  is  a  limit  to  the 
temperature  of  the  gases  entering  the  Cottrells.  This  is  imposed 
by  the  ability  of  the  structure  and  the  steel  electrodes  to  withstand 
high  temperatures,  and  it  is  preferred  to  keep  the  gases  at  some- 
thing less  than  430°C. 

This  inability  to  catalyse  the  exit  gases  of  the  process  is  a  very 
severe  handicap.  The  gases  Contain  about  80  g.  S  per  cu.  m.,  of 
which  it  is  probable  that  60  per  cent  could  be  recovered  by 
catalysis.  This  would  increase  the  overall  recovery  from  the 
present  figure  of  about  56  per  cent  to  65  per  cent  or  pom\A^  toox^. 
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Recovery 

The  authors  have  always  been  keenly  aware  that  the  loss  of 
sulphur  as  SO2  is  mo^t  unsatisfactorily  high  at  Eio  Tinto  and  it  is 
believed  that  the  reason  for  incomplete  reduction  of  SO,  is  lack 
of  temperature  and  contact  time — that  is  to  say,  that  the 
1,100°-1,200°C.  zone,  in  which  the  reduction  of  SO,  proceeds  mdst 
rapidly,  is  too  short. 

In  regard  to  temperature  it  is  believed  that.it  would  be  possible 
to  intensify  the  whole  process  and  increase  the  rate  of  smelting  if 
the  blowers  were  of  larger  capacity.  At  present  experiments  are 
being  conducted  to  ascertain  the  precise  effect  of  harder  blowing. 

From  time  to  time  the  effect  of  a  large  increase  in  the  coke 
consumption  has  been  investigated  and  a  test  was  recently  run,, 
using  18  per  cent  coke  on  mineral.  As  has  already  been  explained 
this  does  lead  to  a  substantial  lowering  of  the  SO,  content  of  the 
gases,  but  the  sulphur  present  as  CS,,  COS,  and  HjS  increases  and 
the  net  result  is  the  same  total  quantity  of  sulphur  lost  in  exit  gas. 

Increasing  the  coke  tends  to  lower  the  grade  of  matte  by 
inhibiting  the  oxidation  of  FeS  and  thus  increasing  the  sulphur  lost 
in  matte.  So  far,  therefore,  the  most  economical  figure  seems  to 
be  between  10  and  11  per  cent  (i.e.  85  to  95  kg.  C),  although  local 
circumstances  often  have  made  it  necessary  to  work  with  as  Httle  as 
8-6  per  cent  on  pyrites  for  many  months.  With  10-11  per  cent 
coke  the  blast-furnace  recovery  is  just  over  60  per  cent. 

Gas  Cleaning 

Because  the  Cottrells  had  to  deal  with  a  much  larger  volume  of 
gas  than  that  for  which  they  were  designed,  it  was  early  found  to  be 
necessary,  in  order  to  reduce  pressure  in  the  system,  to  install  a 
large  exhauster  fan  on  the  exit  side  of  the  cold  Cottrells.  This 
fan  has  a  capacity  of  32,000  c.f.m. 

The  dust  precipitated  is,  to  some  extent,  pyrophoric,  and 
o^icasionally  sticky  and  difficult  to  handle  ;  this  condition  is  brought 
about  by  the  fact  that  it  always  contains  sulphur,  which  will  catch 
fire  if  air  is  being  drawn  into  the  filters.  The  hoppers  in  the  bottom 
of  the  Cottrell  chambers,  in  which  the  dust  is  collected  and  from 
which  it  is  withdrawn,  are  fitted  with  double-bell  doors,  so  that  the 
dust  can  be  withdrawn  without  admitting  air  into  the  Cottrell 
chamber  ;  dust  extraction  by  means  of  screw  conveyors  has  been 
tried,  but  has  been  given  up  as  unsuitable,  the  dust  being  too 
sticky. 

The  percentage  of  dust  recovered  upon  the  burden  smelted  is 
approximately  0-57  per  cent. 

A  typical  dust  recovered  at  Rio  Tinto  had  the  following  chemical 
composition  and  screen  analysis  : 
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Chemical  Analysis 

Percent 

Cu 1-3 

S    25-32 

Pb 21-20 

Zn 4-97 

Fe 13-20 

As 2-93 

SiO,  6-28 

A1,0, 1-57 

CaO  308 

MgO 0-70 

Sn 0-42 

C    509 

Sb 1-21 

Bi 0-38 

Dry  Screen  Analysis — Tyler  Mesh 
4-    60  =  12-0  per  cent 

—  60  +  100  =  22-0    „      „ 

—  100  +  200  =  30-67  „      „ 

—  200  +  325  =  24-0    „      „ 

—  325  =  11-43  „      „ 

The  ore  smelted  contains  on  an  average  at  least  1  per  cent  of 

lead,  present  as  a  sulphide.     This  compound  is  very  volatile  and 

some  of  it  comes  over  with  the  gases,  being  partly  reduced  to 

metallic  lead  in  the  process  ;   for  instance,  in  December,  1944,  the 

Cottrell  dust  contained  7  per  cent  of  free  metallic  lead  and  8-7  per 

cent  of  combined  lead,  a  total  of  15-7  per  cent.     Lead  fume  is  a  very 

difficult  material  to  precipitate  and,  if  the  Cottrells  are  not  working 

very  efficiently,  the  metallic  lead,  flus  lead  sulphide,  is  carried  over 

with  the  sulphur  vapour  and  causes  a  great  deal  of  trouble  in  the 

subsequent  washing  and  filtering  operations.     Fortunately,  it  is 

only  a  minor  portion  of  the  total  lead  charged  which  is  retained  in 

the  crude  sulphur,  as  the  following  lead  balance,  made  for  the 

month  of  June,  1944,  shows  : 

Total  tons  of  Pb  charged  to  furnaces,  99  tons. 
Distribution : 

In  matte  49-6  per  cent  of  total  lead  charged 

„  furnace  slag    21-2    „      „      „     „ 

„  Cottrell  dust  20-5    „      „      „     „        „  „ 

„  sulphur 8-7    „      „      „     „ 

Lead  sulphide  is  sometimes  found  consolidated  in  quite  large 
pieces,  which  are  drawn  out  with  the  Cottrell  dust. 

Sulphur  Washing 

This  is  a  true  refining  process,  consisting  as  it  does  of  reducing 
a  very  considerable  percentage  of  arsenic,  1  •5-2-8  per  cent,  con- 
tained in  the  sulphur,  down  to  3-10  parts  per  million  (0-0008-0-001 
per  cent)  ;  at  the  same  time  the  ash  is  virtually  eliminated. 

A  typical  analysis  of  the  crude  sulphur  to  be  purified  is  : 

Per  cent 

S    97-62 

As... 210 

Pb Oil 

Fe 0-017 

Zn 0-016 
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Minor  amouots  of  Cu,  SiO|,  AltO^,  6i,  Sb  and  CaO  are  also 
present. 
Fig.  6  shows  details  of  a  unit  of  the  washing  plant. 

The  autoclaves  in  which  refining  is  done  are  vertical  cyhnders 
16  ft.  long  by  6  ft.  wide  and  they  can  withstand  a  working  pressure 
■of  50  p.s.i.     The  volume  or  cubic  capacity  is  452  cu.  ft.  or  12-6  cu.  m. 

The  milk  of  lime  is  made  up  in  a  large  open  agitator  tank  ;  a 
sample  of  the  suspensions  is  drawn  every  four  hours  and  tested  to 
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Fio.  6. — Sulphur  washing  plaii(r-~^iTangaiiteat  of  single  unit. 
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determine  its  free  CaO  content.  The  amount  of  arsenic  in  the^ 
crude  sulphur  and  the  free  CaO  content  of  the  suspensions  deter- 
mine the  amount  of  milk  of  lime  required.  It  is  run  by  gravity 
to  the  pre-heating  tank,  which  is  then  filled  up  with  water  to  a  fixed 
volume  ;  the  pre-heating  tank  then  contains  4|  cu.  m.  of  diluted 
milk  of  lime.  Steam  at  25-30  lb.  pressure  is  now  turned  into  •the 
tank  in  which,  if  necessary,  the  niilk  of  lime  can  be  circulated  by  a 
pump,  and  is  kept  on  until  the  temperature  of  the  lime  water  is 
about  120°-125°C.  This  heating  takes  about  half  an  hour.  The 
milk  of  lime  is  then  pumped  into  the  autoclave.  If  the  crude 
sulphur  is  charged  into  the  pressure  vessel  before  the  milk  of  lime, 
the  sulphur  is  liable  to  solidify  at  the  bottom  of  the  vessel  and  stop 
up  the  end  of  the  circulating  pipe.  The  crude  sulphur  is  therefore^ 
pumped  to  the  autoclaves  after  they  have  received  a  charge  of 
milk  of  lime. 

All  entrance  cocks  on  the  autoclaves  are  then  closed,  and  th& 
circulating  pump,  capable  of  handling  90  cu.m./hr.,  is  started.  The- 
milk  of  lime  is  drawn  off  near  to  the  top  of  the  vessel,  about  2  ft.  6  in. 
down,  and  is  forced  by  the  pump  through  a  4-in.  pipe,  which  passes- 
through  the  cover  of  the  autoclave  and  down  to  within  about  9  in. 
of  the  bottom  of  the  vessel ;  in  this  way  a  very  violent  and  intimate 
mixing  of  the  sulphur  and  milk  of  lime  is  obtained,  so  that  the 
arsenic  can  be  reduced  from  about  2*0  per  cent  down  to  about 
5  parts  per  million  in  two  hours.  During  the  two  hours  in  which 
the  lime  suspension  is  being  circulated,  the  pressure  in  the  autoclave 
rises  to  about  45  p.s.i. 

When  the  scrubbing  period,  during  which  the  suspension  is 
pumped  and  circulated  through  the  sulphur,  is  finished  the  pump  is 
stopped  and  the  contents  of  the  autoclave  are  allowed  to  settle  for 
20  to  80  min.  At  the  end  of  this  period  of  repose  the  contents  of 
the  autoclave  have  separated  into  three  distinct  layers,  because  of 
the  difference  of  their  specific  gravities.  The  uppermost  consists 
of  the  arsenical  Uquors,  the  middle  of  an  emulsion  of  sulphur  and 
water  and  other  insoluble  material,  and  the  lower  one  of  normal 
clean,  washed  sulphur.  Frothy  residue  is  only  obtained  with  high 
ash  content  in  the  crude  sulphur ;  if  ash  content  is  less  than 
0-1  per  cent  no  residue  is  formed. 

The  arsenical  liquors  are  discharged  through  a  long  8-in.  pipe  in 
which  the  hot  hquor  is  mixed  with  cold  water,  and  then  the  clean 
sulphur  is  run  into  the  refined  sulphur  tank.  When  dirty,  or 
frothy  sulphur  appears  the  sulphur  cock  is  closed  and  finally  the 
residues  are  blown  out  under  pressure  through  a  4-in.  pipe  direct 
into  wagons.  The  sulphur  residues  amount  to  about  6*5  per  cent, 
by  weight,  of  the  crude  sulphur  washed ;  an  analysis  of  these 
residues  is  as  follows  : 
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Per  cent 

Sfree    92-26 

S  combined 1-03 

S  total  (includes  Se)   ...  93-29 

As 0-60 

Pb 1-22 

Cu 0-06 

SiO,  0-53 

ALO3 0-32 

CaSO^ 3-52 

MgO 0-13 

The  following  is  a  typical  analysis  of  the  ash  in  the  crude  sulphur  : 

Per  cent 

•Pb 25-5 

PbS   29-7 

Cu^S 1-94 

Bi^Sj 0-67 

AsjSj 5-57 

Sb,S, 3-81 

ZnS    12-48 

FeS    10-26 

ALO3 3-51 

SiO,  3-29 

CaO  2-25 

MgO 0-72 

Mn,  Ni,  alkalis traces 

After  the  washed  sulphur  has  been  run  into  the  storage  tank  it  is 
elevated  by  an  immersed  pump  to  one  or  two  open  storage  tanks, 
which  are,  of  course,  well  lagged  and  fitted  with  internal  steam- 
heating  coils.  From  these  tanks,  it  is  forced  by  inmiersed  centri- 
fugal pumps,  of  the  Company's  own  design  and  make,  through  one 
of  two  steam-heated  filter  presses  ;  each  press  has  30  leaves,  which 
are  28  in.  by  31  in.  The  average  capacity  per  press  is  10  tons  of 
filtered  sulphur  per  hour,  with  a  maximum  of  16  tons  an  hour. 
Ordinary  canvas  is  used  as  the  filtering  medium ;  wool  was  tried 
in  the  early  days  of  the  process,  but  gave  no  better  results  although 
it  was  much  more  expensive.  All  the  frames  are  steam-heated,  so 
that  no  sulphur  can  solidify  during  filtration.  Each  pump  has  a 
capacity  of  25  cu.  m.  of  sulphur  per  hour  against  a  pressure  of 
40  p.s.i. 

The  rapidity  with  which  the  filtering  operation  proceeds,  and 
the  amount  of  sulphur  which  one  set  of  filter  cloths  will  serve  to 
filter,  depends  upon  how  well  the  hot  Cottrells  have  cleaned  the 
gases  and  thus  lowered  the  ash  content  of  the  crude  sulphur.  If 
the  ash  content  is  very  low,  not  exceeding  0-10  per  cent,  a  set  of 
filter  cloths  will  filter  up  to  300  tons  of  washed  sulphur,  and  the 
filter  press  cake  will  build  up  to  its  maximum  thickness  of  just  over 
one  inch.  In  this  case  the  filter  press  residues  will  contain  little 
lead,  but  a  higher  proportion  of  insoluble  matter  derived  from  the 
lime.  On  the  other  hand,  in  the  event  of  the  ash  in  the  crude 
sulphur  being  really  high — from  0-5  per  cent  to  1-0  per  cent — a  set 
of  filter  cloths  will  not  filter  more  than  25  tons  of  sulphur,  sometimes 
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only  8  tons,  beoause  the  metallic  lead  and  lead  sulphide  contained 
in  the  ash  at  once  block  up  the  pores  of  the  canvas  so  efficiently  that 
no  sulphur  can  be  forced  through  by  the  pump  ;  it  is  as  though  the 
canvas  had  been  varnished  with  a  metallic  varnish  and  if  the  pump 
pressure  is  increased  it  only  results  in  the  bursting  of  the  canvas. 
Typical  analyses  of  both  kinds  of  residues  are  given  below. 

High  Aah  Low  Ash 

percent  percent 

Frees  670  67-27, 

Ck)mbined  S 7-9  11-69 

As 2-93  1-86 

Pb 12-67  2-66 

Cu 009  006 

SiO,  0-36  406 

Zn 3-63  0-80 

Fe,0, 1-27  1-84 

Al^O, 0-38  1-76 

CaO  4-43  1403 

MgO 014  0-69 

O,  etc 9-20  3-39 


100-00  10000 


The  physical  condition  of  these  filter  press  residues  is  quite 
different  from  that  of  autoclave  residues ;  they  are  much  denser, 
present  a  stony,  clinkered  appearance,  and  are  difficult  to  break 
down,  whereas  the  autoclave  residues  resemble  very  friable  pumice 
stone  because  water  was  present  when  they  solidified.  Filter  press 
residues  are  also  much  darker  in  colour,  being  black,  while  the 
others  have  a  yellow-green  colour.  These  filter-press  residues  are 
separated  as  far  as  possible  and  thrown  away,  to  avoid  a  high  lead 
concentration  in  the  furnace  charge. 

The  sulphur  balance  of  the  washery  operations  is,  over  a  long 
period,  approximately  as  follows  : 

Percent 

Filtered  sulphur  to  monoliths  84-0 

Sulphur  residues  and  fUter  cake  resmelted 6-0 

Lost  in  cursenical  liquors,  filters,  etc 10-0 

1000 

The  filtered  product  flows  to  a  60- ton  steam-heated  storage  tank, 
from  which  it  is  pumped  by  immersed  centrifugal  pumps,  through 
steam-heated  pipe  lines  to  the  storage  monoliths. 

Keooveries 

The  actual  recovery  of  sulphur  at  Kio  Tinto  rarely  exceeds' 
55  per  cent,  and  in  order  to  achieve  this  it  has  been  found  necessary 
to  use  between  9-5  per  cent  and  11  per  cent  of  coke  on  the  pyrites. 
The  major  loss  of  sulphur  undoubtedly  occurs  as  unreduced  SO^.in 
the  furnace  gases,  and,  so  far,  it  has  not  been  possible  to  reduce 
their  content  with  any  economic  consumption  of  coke,  not  «bi^  \.\\fcx<^ 


32        H.  R.  POTTS  AND  E.  Q.  LAWFORD  :   RECOVERY  OF  SULPHUR 

9 

any  indications  that  improved  recovery  is  likely  to  result  solely 
from  the  use  of  largely  increased  quantities  of  a  carbonaceous 
reducing  agent,  because  *  what  is  gained  on  the  swings  is  lost  on  the 
roundabouts  * ;  the  sulphur  reduced  from  the  SO2  forms  other 
compounds  with  carbon  and  no  net  increase  of  sulphur  results. 

It  will  no  doubt  be  pointed  out  that  the  actual  recovery  of  sulphur 
which  is  being  made  is  not  very  much  more  in  quantity  than  that 
due  to  loose  atom  sulphur  only,  and  it  may  be  argued  that  a  recovery 
of  sulphur  nearly  as  good  as  that  actually  being  made  could  be 
achieved  by  reducing  the  coke  to,  say,  J  per  cent  on  mineral,  and 
running  the  furnace  as  a  true  pyrite  furnace.  Experiments  along* 
this  line  have  been  made  at  Eio  Tin  to  and  at  Mina  de  S.  Domingos,. 
but  so  far  no  success  has  been  obtained  in  running  closed-top 
furnaces  as  true  pyritic  units  ;  eventually,  the  reduction  of  coke- 
has  always  led  to  a  falling-off  in  the  production  of  sulphur.  The 
difficulty  lies  not  so  much  in  the  actual  operation  of  the  furnaces, 
although  troubles  develop  if  the  coke  is  reduced  below  5  per  cent  on 
the  pyrites,  as  in  the  change  in  the  composition  of  the  gases  ;  these 
become  much  poorer  in  sulphur  and  dustier,  with  the  result  that 
they  are  less  efficiently  cleaned  by  the  Cottrells  ;  the  arsenic- 
sulphur  ratio  in  the  gases  is  also  altered  in  such  a  way  that 
arsenic-sulphur  compounds  condense  and  are  deposited  at  a  higher 
temperature  than  normal.  Experience  has  definitely  proved  that 
the  loss  of  sulphur  more  than  offsets  any  saving  made  in  coke. 
Further,  certain  experiments  conducted  in  high-temperatura 
furnaces  seem  to  indicate  that  there  is,  in  fact,  no  dissociation 
beyond  Fe^Sn+i  at  any  temperature  attainable  in  a  copper- 
smelting  furnace. 

The  authors'  conclusion  is,  therefore,  as  already  shown  in 
Section  1,  that  a  fair  amount  of  SOg  formed  by  the  combustion  of 
FeS  in  the  focus  of  the  furnace  is  reduced  bv  coke,  and  that  the 
amount  of  volatile  sulphur  distilled  from  pyrites  by  heat  alone  is 
probably  not  in  excess  of  that  required  to  form  a  compound 
approximating  to  Fe^Sg. 

Conclusions 

A  process  which  only  recovers,  at  best,  some  55  per  cent  of  the 
sulphur  in  the  pyrites  fed  to  the  furnaces  can  hardly  be  accepted 
as  efficient.  The  inherent  difficulties  involved  in  attempting 
the  oxidation  of  iron  sulphide  with  efficient  reduction  of  SOg  in 
one  and  the  same  vessel  and  in  contiguous  zones  within  that 
vessel  have  already  been  pointed  out.  Much  still  remains  to  be  done 
and  eventually,  in  spite  of  the  inherent  difficulties,  greatly  improved 
recovery  may  be  attained,  even  with  the  difficult  Iberian  ores. 
The  two  principal  lines  along  which  improvement  is  being  sought 
to-day  are  : 

(1)  Greater  oxidation  of  FeS  and  greater  reduction  of  SOg  by 
more  intensive  working  of  the  furnace  with  resulting  higher 
temperature. 
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(2)  Possible  treatment  of  exit  gases  by  catalysis  after  removal 
.of  the  bulk  of  the  arsenic. 

It  is  hoped  that  within  the  next  three  to  four  years  it  may  be 
possible  to  contribute  a  further  paper  giving  an  account  of  improve-' 
ments  in  the  process. 
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APPENDIX— Tablb  B 


Toial 

g.leu.  m. 

C 

S 

OO^  per  cent  by  volume   

^^^i'      »»      »»      »»        »»            

kJvj           99             »♦             »»                 »♦                     

008g./cu.ni.  „        9,          

'-'Oj                       99                      99                  99                             

12-9 
0-6 
2-34 
0-18 
15-40 
17-30 
4-00 

601 

2-7 

3-0 

2-8 

43-5 
2-56 
8-20 

14-50 
4-00 

TOTAI.     

— 

77«6 

72-76 

Carbon  in  coke  per  1 ,000  kg.  pyrites  88-20 

.9  limestone   8-60 


»• 


96-80 


QaB  Volume  : 

96*8  kg.   C   in   charge 

77-6  g./cu.  m. 


'2. 


—  I925O  cu.  m.  per  ton  pyrites 


CiUcukUion  of  volcUiie  sulphur 

Total  sulphur  in  pyrites 

Less  sulphur  combined  with  CU9  Pb,  Zn9  etc. 


Sulphur  in  FeS^. 

Therefore9  volatile  sulphur  (42  per  cent  of  sulphur  in 

FeS,)  

Add:  Sulphur  in  residues  


kg.  S  per 

1,000  kg. 

pyrites 

476-0 
190 


4660 

191-6 
18-0 


Total  volatile  sulphur 209-6 


CaleulcUion  of  sulphur  recovered  by  reduction  of  80^ 

Total  sulphur  charged  to  furnace 

Deduct  volatile  sulphur9  volatilized      


Fixed  sulphur  entering  smelting  zone  as  Fe^Sg  and 

non-ferrous  metal  sulphides    

Deduct:  Sulphiv  in  matte  63-0 

slag 22-0 

dust 1-0 


500-0 
209-5 


290-5 


860 


Therefore,  sulphur  oxidized  by  blast  to  SO,    204-6 

Sulphiu*  lost  in  gases  and  imaccounted 105-0 


Balance9. sulphur  recovered  by  reduction  of  SO^. 


%^-^ 
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Sulphur  produced  by  reduction  of  SOj  and  collected....  99*6  kg^ 

„  „  „  „  „     ,,  but  subsequent- 

ly reacting  with  C  or  lost  as  S  vapour  : 

AsCS, 14-50  g./cu.m. 

„  COS   8-20- 


„  H,S  2-55         \] 

„  S 4-00 


Let       X  =  carbon  acting  as  C 

!/  =        .,  »        f,  CO 

X  -{•  y  =    77-7 

32a:      32 

whence       x  =  29*2  kg.  C 
y  =  48-5    „    „ 

Sulphur  reduced  by  C     =78  kg.  =  57  per  cent 
ft  »»  »•   ^O  =  58   ,y     =  4o     f,       „ 


«•• 


Total   29-25 

X  1.250=  36-6  kg: 


Total  S  from  reduction  of  SO,    136-0      * 

Carbon  available  88*2 

L€^«  carbon  in  CS„  CO  and  COS    10-6 


77-7 


♦^*  Extra  copies  oj  this  paper  may  he  obtained  at  a  cost  O 
35.  Ot?.  eachy  at  tlie  office  of  the  Institution,  Salisbury  HouS^ 
Finslmry  Circvs,  Londtm,  E.G.  2. 
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THE   INSTITUTION   OF  MINING   AND  METALLURGY 

FIFTH  ORDINARY  GENERAL  MEETING  of  the  68th  SESSION 
held  in  the  Rooms  of  the  (Geological  Society  of  London,  Burlington 
House,  Piccadilly,  London,  W.  1,  on  Thursday,  17th  February,  1949. 

Mr.  S.  E.  Taylor,  President,  in  the  Chair 
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DISCUSSION  ON 

Ground  Control — Theory  and  Practice 

By  Jack  Spaldino,  Member 

The  President  said  that  the  author  .of  the  paper  was  well  known 
and  did  not  need  any  introduction  to  members.  It  was  twelve 
years  since  he  presented  a  paper  on  the  same  subject ;  further 
researches  had  been  made  and  much  experience  gained  during  the 
interval,  while  the  theory  of  the  subject  had  also  been  advanced. 
I'he  author  was  now  giving  the  Listitution  the  benefit  of  the 
progress  of  the  knowledge  and  thought  which  he  had  brought  to 
hear  upon  that  complex  problem  and  it  was  fortunate  that  he 
<'Ould  be  present  to  introduce  his  paper  and  take  part  in  the 
subsequent  discussion. 

Mr.  Jack  Spalding  said  that  the  state  of  a  rock  under  stress 
was  a  most  complicated  but  interesting  study,  of  which  the  know- 
ledge of  the  mining  community  was  very  meagre.  He  understood 
that  a  symposium  on  the  subject  was  now  being  prepared  at 
Heerlen  in  Holland.  He  would  like  to  stress  that  the  following 
lemarks  were  his  ideas  on  the  subject — they  must  not  be  taken 
as  statements  of  fact.  They  were  offered  simply  to  stimulate 
discussion,  in  the  hope  that  knowledge  might  thereby  be  increased. 

In  considering  the  effect  of  stress  on  rock  it  was  frequently 
assumed  that  the  rock  in  question  was  a  solid  homogeneous 
substance.  Tests  were  made  on  specimens,  and  elastic  constants 
and  crushing  strengths  estimated.  While  the  figures  obtained 
might  be  true  for  a  rapid  application  of  stress — such,  for  instance, 
as  was  imposed  in  mining  when  a  mass  of  rock  was  blasted  out — 
they  should  not  be  applied  to  rocks  which  had  been  submitted  to 
stress  for  geological  periods  of  time.  That  was  largely  due  to  the 
fact  that  rocks  were  generally  not  sohd  homogeneous  substances. 
Granite,  for  example,  was  a  solid  compact  rock,  free  from  voids, 
but  it  was  built  up  of  a  number  of  constituents  of  widely  different 
properties.  If  a  specimen  of  granite  were  submitted  to  a  steadily- 
increasing  stress  occasional  grains  of  various  constituents  would 
l)e  so  disposed  that  their  natural  cleavages  permitted  them  to 
avoid  the  stress  by  shearing  movement.  That  increased  the  stress 
in  the  neighbouring  grains.    As  the  loading  increased  there  came 
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a  time  when  the  grains  of  the  weakest  constituent  yielded  and 
became  plastic,  and  a  further  rearrangement  of  stress  was  caused 
within  the  specimen  and  a  further  loading  on  the  other  constituents. 
According  to  the  cleavability  and  orientation  of  the  various  crystafe 
and  to  the  proportion  and  distribution  of  the  constituent  that  hftd 
failed,  the  next  weakest  constituent  might  or  might  not  be  brought 
to  the  yield  point  by  that  failure.  Should  it  yield,  the  remaining 
constituents  would  be  still  more  highly  stressed,  and  would  in  turn 
fail  one  by  one  in  increasingly  rapid  succession  until  the  specimen 
as  a  whole  was  fractured.  In  that  case  then,  the  failure  took 
place  at  a  little  above  the  yield  point  of  the  weakest  ingredient. 

Thus  failure  through  the  chain  of  successively-stronger  constitu- 
ents might  take  place  so  quickly  as  to  be  almost  instantaneous,  or 
there  might  be  delay  between  each  separate  action,  as  the  very 
slow  movement  of  plastic  flow  operated.  It  was  merely  a  question 
of  the  relative  proportions  and  strengths  of  those  constituents. 
On  the  other  hand,  should  the  weakest  constituent  be  so  sparsely 
distributed  that  its  failure  did  not  stress  the  other  constituents  to 
the  yield  point,  then  further  stress  must  be  applied  before  the 
next  weakest  yielded,  and  so  on.  In  that  case  the  rock  as  a  whole 
was  stronger  dian  its  weakest  ingredient. 

Some  crystals,  however,  subjected  to  stress  for  a  very  long  period 
of  time,  although  that  stress  might  be  below  the  yield  point  of 
the  weakest  ingredient,  would  shear  along  their  cleavages,  others 
would  become  twinned,  and  some  projecting  corners  of  crystals 
would  become  plastic,  owing  to  the  unequal  distribution  of  the 
stresses.  Chemical  changes  might  also  occur,  owing  to  the  stress 
or  to  other  agencies,  with  the  result  that  some  crystals  might 
grow  at  the  expense  of  others. 

The  result  of  all  those  actions  would  be  a  slow  and  gradual 
re-crystallization  of  all  or  the  majority  of  the  constituents.  The 
effect  of  any  such  re-crystallization,  whether  due  to  stress,  tem- 
perature, internal  chemical  change,  or  chemical  change  due  to 
external  additions  or  subtractions,  would  be  to  relieve  anv 
component  of  stress  which  was  greater  than  the  others. 

Tectonic  movements  of  the  earth's  crust  were  usually  too  large 
in  proportion  to  the  time  over  which  they  operated  to  permit  a 
complete  equalization  of  stress  in  that  way,  and  so  the  rocks 
yielded  to  them  by  folding,  faulting,  cleaving,  cracking,  and  all 
the  other  effects  familiar  to  the  structural  geologist.  However, 
in  a  soUd  rock  mass  which  had  lain  undisturbed  for  a  long  perio<l 
of  time,  and  in  which  one  component  of  stress  was  originally 
greater  than  the  other,  whether  that  extra  stress  was  due  to  the 
weight  of  superincumbent  rock  or  to  residuals  of  tectonic  stresses, 
it  was  suggested  that  the  rock  would  slowly  yield  to  the  greater 
component  of  stress  until  that  stress  was  reduced  to  near  that  of 
the  other  components.  It  was  further  suggested  that  this  took 
place,  always  assuming  that  sufficient  time  was  available,  not 
odJj  at  the  great  depths  at  which  it  was  estimated  that  the  rock 
Aff  a  whole  became  plastic,  but  at  depths  comparatively  much  less. 
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Assuming  the  truth  of  those  suppositions,  a  state  of  stress  of 
hydrostatic  character  could  be  expected  in  solid  compact  rocks,  of 
mixed  constituents,  at  depths  common  in  deep  mining.  Where 
<y¥0rlying  strata  had  been  removed  such  a  state  of  stress  could  be 
expected  right  up  to  surface,  but  where  the  upper  rocks  were  of 
recent  origin  and  of  open  texture,  or  where  they  contained  voids, 
it  was  to  be  expected  that  the  vertical  component  of  stress  would 
be  greater  than  the  horizontal. 

He  did  not  think  it  was  sufficiently  emphasized  in  the  paper 
that  the  theory  of  rock  pressure  there  put  forward  was  built  on 
the  assumption  of  a  rock  mass  which  was  solid  and  free  from  voids, 
either  inter-granular,  or  in  the  form  of  a  number  of  vughs  in 
fissures — such  a  rock  mass,  in  other  words,  as  was  commonly 
encountered  in  deep  metalliferous  mines. 

In  a  different  type  of  rock — a  mass  of  solid  quartz  for  example — 
there  was  only  one  constituent,  silica,  all  in  grains  of  the  same 
order  of  size  and  lacking  prominent  cleavage.  Under  an  increasing 
applied  loading  a  specimen  of  that  rock  would  be  expected  to  with- 
stand the  stress  until  the  yield  point  of  silica  was  reached,  at  which 
point  the  whole  specimen  would  fail  as  one.  It  would  seem  that 
such  a  rock  would  be  more  liable  to  rockburst — that  is  to  fail 
suddenly  and  with  violence — than  one  composed  of  various 
constituents  which  would  yield  progressively. 

A  third  type  of  rock,  a  sandstone  consisting  of  quartz  grains 
imperfectly  cemented  together  with  silica,  also  consisted  only  of 
silica  ;  but  between  the  grains  there  were  voids,  and  under  stress 
the  quartz  was  free  to  expand  into. those  voids.  The  behaviour  of 
the  quartz  grains  would  therefore  be  different  from  that  of  crystals 
which  were  rigidly  confined  on  all  sides  by  other  crystals.  Under 
suitable  conditions,  there  also  slow  re-crystallization  of  the  distorted 
grains  was  to  be  expected,  but  until  the  voids  had  become  com- 
pletely filled  up  in  that  action,  converting  the  rock  into  a  quartzite, 
the  build-up  of  a  stress  of  hydrostatic  character  could  not  be 
expected.  The  physical  properties  of  silica  being  what  they  were, 
the  conditions  necessary  to  start  re-crystallization  in  a  quartz  rock 
were  likely  to  be  more  severe  than  in  rocks  containing  some  weak 
and  cleaved  constituents. 

He  mentioned  again  that  his  remarks  were  merely  tentative, 
but  that  did  not  mean  that  if  they  were  ill-founded  the  theory  in  the 
paper  broke  down.  There  were  sufficient  other  arguments  brought 
forward  to  make  the  assumption  of  equal  stress  a  reasonable  one 
in  deep  mining  conditions,  and  the  present  argument  was  intro- 
duced merely  to  ventilate  the  subject  the  more  completely. 

In  any  mining  operation  involving  the  control  of  ground  it  was 
most  important  that  the  operator  should  have  a  proper  conception 
of  the  movements  which  would  occur  during  the  closure  of  the 
stope  walls — how  they  would  close  in  (by  shear  or  bending),  to 
what  extent  they  would  close  in  (depending  of  course  on  the  method 
of  control),  and,  most  important  of  all,  the  effect  oi  lYial  c\o^\xt^  ow 
Any  materidi^,  excavations,  atructureSf  etc.,  tlie  use  ol  N<iVi\^i\v  n^^*^ 


40  JACK   SPALDING  : 

contemplated.  For  instance,  the  lining  of  drives  on  lode  might  b« 
considered.  It  was  wasteful  to  put  in  an  expensive  lining  for  any 
drive,  if,  after  the  lode  was  stoped,  the  closure  squeezed  the  Umng 
to  such  an  extent  as  to  prohibit  the  passage  of  cars.  The  total 
amount  of  closure  expected  must  be  gauged  and  the  lining  madft 
large  enough  to  be  still  sufficiently  big  when  closure  was  complete. 
The  extra  expense  of  that  larger  lining  would  be  less  than  t>he  coat 
of  complete  relining  after  stoping. 

He  would  give  an  example  of  the  effectiveness  of  being  prepared 
for  closure.  He  once  took  over  a  stoping  section  which  was  served 
by  a  small  timbered  incline  shaft,  sunk  on  a  lode  dipping- at  45". 
The  depth  below  surface  was  3,000  ft.  The  lode  was  10  to  12  ft. 
wide  and  exceedingly  rich.  The  ore-shoot  had  been  completely 
stoped  out,  except  for  a  chain  of  pillars  measuring  30  to  60  ft.  on 
the  strike  each  side  of  the  shaft.  The  instructions  were  to  win 
the  pillars. 

Mining  was  started  by  underhand  stoping  from  the  top  down. 
Massive  supports  of  granite  masonry  were  used,  so  that  closure, 
and  therefore  damage  to  the  shaft  lining,  would  be  reduced  to  a 
minimum.  As  the  stopes  went  down,  the  shaft  timber  was  removed 
and  replaced  by  a  brick  arch  with  a  plentiful  cushion  of  packing 
round.  The  main  level  was  at  the  top  of  the  shaft  and  the  support 
of  the  shaft  station  at  that  point  was  the  problem.  Closure  would 
inevitably  occur  right  across  the  station,  which  ruled  out  the 
possibility  of  using  a  rigid  concrete  lining  :  moreover,  rockbursts 
were  to  be  expected,  which  militated  against  the  use  of  timber. 

It  was  decided  to  use  a  rigid  lining  of  concrete,  divided  into  two 
separate  units,  one  (B  in  Fig.  22)  founded  on  the  foot-wall  and 
integral  with  the  shaft  lining  (AC),  and  the  other  (D)  attached  to 
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the  hanging-wall  only.     The  arches  B  and  D  were  made  of  concretQ 
and  constructed  with  flat  tops,  as  shown  in  Fig.  28.     The  sides  of 


//////// 


Fig.  23. 


the  station  were  left  unsupported.  The  tops  of  B  and  D  were 
smoothed  off  and  greased.  Steel  girders  (6-in.  by  3-in.)  were  then 
thrown  across  from  B  to  D  at  3-ft.  intervals,  and  concreted  in  as 
shown.  The  concrete  was  made  15  in.  thick.  The  resulting  flat 
roof  was  fully  floating  and  it  was  hoped  that  relative  movement  of 
ABC  and  D  could  take  place  without  causing  damage.  When  the 
stope  faces  had  worked  down  to  150  ft.  below  the  shaft  station, 
there  had  not  been  the  shghtest  sign  of  any  movement  taking 
place.  However,  when  the  distance  between  B  and  D  was  checked 
it  was  found  to  be  6  in.  less  than  when  constructed. 

The  chain  of  pillars  had  originally  been  hour-glass  shaped,  and 
the  stopes  had  now  reached  the  waist,  so  that  ahead  of  the  faces 
there  was  a  bare  30  ft.  of  solid  each  side  of  the  shaft  (Fig.  24).  At 
that  point  a  violent  rockburst  occurred.  The  shaft  was  wrecked 
for  100  ft.  below  the  faces,  and  choked  solid  with  broken  rock,  but 
damage  in  the  stopes  was  comparatively  trivial. 

That  rockburst  was  a  failure  of  the  rock  under  the  excessive 
ring  stresses  caused  by  the  heavy  loading  on  the  pillar — ^it  was 
an  extreme  example  of  violent  arching.  The  shaft  had  burst  to 
an  effective  diameter  of  20  ft.,  as  was  clearly  to  be  seen  during 
clearing  operations  in  the  back  of  the  next  station  below  (Fig.  25). 
The  burst  had  no  visible  effects  on  the  top  station,  but  on  measuring 
up  again  it  was  found  that  B  and  D  had  closed  in  another  couple 
of  inches. 

Between  that  station  and  the  stope  faces  the  brick-arch  lining 
of  the  shaft  was  damaged  by  the  sudden  movement  of  closure  that 
accompanied  the  rockburst.  The  cushion  of  packing  louxid  ibai^ 
arch,  abreadj  compacted  by  the  normal  closure  that  ^ad  occv\iT^d> 


was  iiiBufiScieDtl;  resilient  to  absorb  the  live  load  ocouiooed  by 
the  rookbUTBt. 

The  operatioD  was  described  Id  some  detail  because  it  fornished 
an  excellent  example  of  what  could  be  done  bv  allowiofi  for  the 
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I  of  eloxur*'.  as  was  cxeiuplilied  in  the  nhaft  )<tatioit,  aad 
because  it.  also  demonstrated  the  result  of  not  haviug  a  proper 
conception  of  those  efrecti<.  as  was  shuwn  in  the  case  of  the  shaft 
lining. 

The  President  said  that  he  had  particularly  asked  that  students 
should  open  the  discussion,  partly  Ijecauae  he  was  very  keen  that 
students  should  take  part  in  the  discussions,  but  also  because  much 
of  the  paper  was  theory  founded  upon  what  they  had  been  studying. 
so  they  should  be  able  to  coutribute  something  very  useful  to  the 
problems  under  review.  He  would  call  on  twn  Royal  School  of 
Mines  students.  Mr.  firay  and  Mr.  Sales. 

Mr.  K.  G.  Gray,  referring  to  Fig.  13,  said  he  noted  that  the 
stress  envelope  was  of  a  different  shape,  dependent  on  the  different 
types  of  support.  He  rather  gathered  from  the  paper  that  the 
stress  envelope  was  formed  when  excavation  was  made  and  a  circle 
of  no  stress  formed  along  the  inner  circumference  of  that  circle. 
so  that  in  either  case,  before  any  support  was  put  into  the  excava- 
tion, it  seemed  to  him  that  the  same  fracture  dome  must  be 
supported.     In  the  di&gram  it  w&b  sho'wn  that  one  fracture  dome 
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was  very  much  larger  than  the  ones  at  the  bottom.  At  first  that 
fracture  dome  was  supported  by  the  adhesive  binding  force  between 
the  rock  in  the  dome  and  the  rock  in  the  stress  envelope,  and  that 
support  would  depend  on  the  tensile  and  shear  strength  of  the  rock 
itself.  The  tensile  strength  probably  decreased  with  time  owing 
to  the  creep  of  the  rock,  so  that  the  weight  of  the  rock  in  the  fracture 
dome  might  thus  become  greater  than  the  adhesive  strength  along 
the  surface  and  the  dome  would  fail.  The  r61e  of  the  support  was. 
he  suggested,  to  make  up  the  discrepancy  between  the  initial 
strength  of  the  rock  and  the  weight  of  the  rock  in  the  dome. 

The  point  he  wanted  to  make  was  that  he  did  not  see  why  the 
fracture  dome  was  different  in  the  two  cases.  As  far  as  he  could 
see  it  was  the  same,  but,  in  the  lower  drawing  with  the  rigid  support . 
there  was  the  adhesive  strength  at  the  dome  circumference  added 
to  the  strength  of  the  support.  If  the  rigid  support  were  subject 
to  permanent  compression  the  fracture  would  tend  to  form  as  in  the 
top  diagram  and  it  would  appear  to  him  that  the  only  way  of 
preventing  that  fracture  forming  in  time  was  to  have  an  elastic  and 
rigid  support.  The  only  one  which  would  suit  those  conditions 
permanently  was  a  steel  support,  being  the  only  elastic  material 
possible  ;  wood  might  splinter  and  collapse  and  concrete  would  be 
permanently  deformed  in  the  same  way  as  the  rock  was  deformed 
when  pressure  was  relieved.  With  a  steel  support,  on  the  other 
hand,  as  the  strain  increased  owing  to  creep  of  the  dome,  so  in 
proportion  would  the  force,  aiding  the  adhesion,  be  transmitted  to 
the  dome.  He  would  like  the  author  to  explain  why  different 
-itress  envelopes  were  set  up,  depending  on  the  type  of  support. 

Mr.  T.  J.  R.  Sales  referred  to  Fig.  6  relating  to  effective 
♦  xcavation.  The  figure  gave  what  the  author  claimed  to  be  the 
practical  application  of  the  theory  using  the  two  mathematical 
formulae  given  at  the  beginning  of  the  paper.  The  whole  appli- 
<:ation  of  the  mathematical  formulae  seemed  to  depend  on  the 
Vffective  excavation'  being  known  exactly  ;  if  it  were  not  known 
»'xactly,  when  *a'  was  squared  an  even  larger  error  than  before 
would  be  obtained.  He  would  like  to  know,  therefore,  if  th(» 
radius  of  the  effective  excavation  could  be  found  theoretically. 
In  the  example  given  that  was  apparently  arbitrarily  selected  from 
the  curve  in  Fig.  5  of  the  paper  :  indeed,  it  appeared  to  be  selected 
from  the  dotted  curve,  which  was  also  calculated  in  the  formulae 
using  the  effective  radius  :  the  1+1-^  Q  seemed  to  be  arbitrary 
and  had  no  connection  with  the  theory.  If  that  could  be  deter- 
mined correctly  it  would  be  of  great  value  in  driving  drifts,  espe- 
cially in  coal  mines  in  Britain.  It  would  help  in  reducing  leakage 
of  ventilation  if  one  could  find  the  exact  limit  to  the  area  of  disturb- 
ance which  caused  it.     He  would  like  to  see  the  question  cleared  up. 

Professor  W.  E.  G.  Sillick*  said  that  at  the  commencement 
i)f  his  paper  the  author  had  stated  that  since  his  paper  in  1937 
"  further  knowledge  and  experience  have  been  gained,  itv  Wie*  \\^V 

•'Department  of  Mining,  Royal  School  of  Mines. 
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of  which  the  thepry  there  propounded  and  its  applicability  to- 
mining  practice  have  been  expanded.  In  the  present  paper  the 
theory  of  rock  pressure  .  .  .  has  been  brought  up  to  date  and 
from  the  conclusions  reached  the  theoretical  and  practical  aspectt^ 
of  ground  control  have  been  deduced  \ 

The  paper  was  so  long  that  he  had  not  had  time  to  read  much 
more  than  the  first  few  pages  devoted  to  theory  and  perhaps  it 
was  at  that  stage  that  he  could  make  the  best  contribution.  The 
material  with  which  they  were  deahng  was  of  such  a  curious  nature 
that  he  looked  upon  it  as  something  intermediate  between  a  piece 
of  spring  steel  and  a  packet  of  face  powder.  He  preferred  to  keep 
down  to  the  face  powder  end  of  the  scale  and  treat  the  material 
as  granular,  because  he  did  not  think  he  was  quite  so  interested 
in  it  during  the  period  in  which  it  was  completely  elastic.  He 
was  more  interested  in  the  applicability  of  the  diagrams  to  the 
case  when  the  elasticity  region  was  passed. 

In  his  previous  paper  Mr.  Spalding  said  that  he  had  opened 
up  places  where  the  stuff  came  out  like  dust,  which  indicated  that 
the  material  had  failed  long  before  the  opening  was  made.  The 
mass  of  the  rock  at  depth  was  subject  to  exceedingly  great  pressure 
vertically  and  also  to  horizontal  pressures  of  great  and  unknown 
amount.  It  was  easy  to  conceive  that  the  resultant  crushing  of 
the  material  went  far  beyond  the  limit  of  its  elasticity,  that  the 
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material  failed  completely,  and  that,  having  been  reduced  to  a 
powder,  it  was  able  to  transmit  very  great  pressure  by  exerting 
a  compressive  resistance — which  it  was  enabled  to  do  by  virtue 
of  its  being  confined.  As  soon  as  an  opening  was  made,  tht^ 
equilibrium  of  the  material  was  disturbed.  Some  of  it  imme- 
diately escaped,  and  eventually,  due  to  the  tlow  towards  the  hole, 
a  new  state  of  equilibrium  was  estabHshed. 

The  re-distribution  of  stress  around  the  opening  could  be  calcu- 
lated if  one  made  certain  assumptions,  and  there  were  two  ways 
of  showing  the  re-distribution  graphically  : 

(i)  that  adopted  by  the  author,  using  rectangular  co-ordinates, 
ilie  base  of  the  diagram  being  distance  from  the  centre  of  the  hole, 
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4iiid  the  ordinates  the  stress  at  that  distance  in  terms  of  the  stress 
which  existed  before  the  hole  was  made  ;  and 

(ii)  that  which  the  speaker  would  suggest,  using  polar  co- 
ordinates, in  which  the  axis  of  co-ordinates  was  taken  at  the  centre 
of  the  hole,  the  profile  of  the  hole  was  taken  as  the  base  line,  and 
the  radius  vector  was  set  out,  having  a  magnitude  equal  to  the 
stress  at  the  edge  of  the  hole  at  that  point  (Fig.  26). 

The  author's  method  illustrated  variation  in  stress  in  depth  away 
from  the  free  surface  of  the  hole  into  the  material,  and  for  hydro- 
static loading  only.  The  speaker's  method  illustrated  the  variation 
in  stress  at  the  free  surface  all  round  the  opening  and  was  applicable 
for  hydrostatic  and  all  other  forms  of  loading,  or  ratios  of  vertical 
to  horizontal  loading. 

The  polar  diagrams  were  quite  easy  to  construct.  It  could  be 
shown  that,  for  a  single  applied  stress  Q,  the  stress  Q^  at  any  point 
around  the  edge  in  the  case  of  a  circular  opening  was  : 

Qo=Q  (1—2  cos  20), 
where  6  was  measured  as  shown  in  Fig.  26,  the  direction  ^=0°  being 
chosen  parallel  to  that  of  the  applied  stress  Q. 

If  the  polar  curve  were  plotted,  by  giving  values  to  0,  up  to 
^—90°.  the  result  was  as  shown  in  Fig.  27.     The  other  quadrants 
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Fig.  27. 

were  similar  and  the  whole  polar  diagram  looked  like  Fig.  28. 

That  was  most  interesting,  especially  because  it  showed  : 

(i)  That  the  stress  at  G  was  compressive  and  was  equal  to  3Q. 

(ii)  That  the  stress  at  T  (^=0°)  was  equal  in  magnitude  to  Q 
but  was  of  the  opposite  sign  to  Q  and  was  therefore  tensile. 

(iii)  That  at  F  (/9=30°)  the  stress  was  zero. 

(iv)  That  the  tensile  region  extended  80°  on  each  side  of  T  at 
the  top,  and  that  there  was  a  similar  tensile  region  extending  for 
80**  on  each  side  of  B,  at  the  bottom  edge  of  the  hole. 

Having  thus  illustrated  the  nature  of  the  stress  variation  for  a 
single  stress  Q  applied  in  one  direction,  the  corresponding  d\ai^^\Xi% 
could  be  obtained  for  anj  multiple  of  Q  and  for  any  ottiet  dii^^XKoti, 


46 


JACK   8PALDIKO  : 


!      A® 


TENSION 
REGION 


©a  d  a    €L  Ct. 

!  o  ; 


©a  ci  a  a  a 

V       NATURE  OF 
N,APPLIEO  STRESS. 


COMPRESSION 


FlO.   28. 


§:: 


o  PI 


r  NATURE  or 

C-  APPLIED  STRESS 


Fig.  29. 

and,   by  combining  the   diagrams,   the  result  when   they   acted 
simultaneously  could  be  examined. 

The  speaker  wished  to  take  just  two  particular  cases  only  : 

(a)  Mr.  Spalding's  hydrostatic  loading — which  amounted  to  Q 
vertical  plus  Q  horizontal ;  and 

(b)  a  case  in  which  the  horizontal  applied  stress  was  half  the 
vertical  stress. 

Fig.  29  showed  the  stress  distribution  around  the  hole  for  a 
horizontally-applied  stress =Q. 

Fig.  30  showed  the  result  for  case  (a)  above,  and  he  was  sure  the 
author  would  be  happy  to  note  that  the  addition  of  Fig.  29  to 


OBOUND  OOMTBOL — ^THBOBY  AND  PBACTICR — DIB0U8BION       if 


I 


ae 


-^ 


DUE  TO 


e^i 


r-  — 1 


4  ■; 


KSULTMT  STRCSL  ^ 
02a  AT  ALL  raiNTS 
AHOUNO  MOLE 


Fio.  30. 


NKTUIICOr 

AmjCDsmcss 

N    ^  DUE  TO 
(^a  (VMT.) 


k 


r 

I 

I 


-CI 


•-1 
I 


DUE  TO  Vi!  CI  (hORIZ) 


RESULtANT 
STRESS 


-Wa/ 


o 


-Via 


-a 

IIATURE  OF 
AmiEO  STRESS 


•y^OUE  TO  (l(VERT.) 


Fig.  31. 

Fig.  28  gave  2Q  as  the  stress  at  all  places  round  the  edge  of  the 
hole. 

The  speaker's  second  case  (b)  amounted  to  halving  the  radius 
vectors  in  Fig.  29  and  combining  the  diagram  thus  obtained  with  that 
shown  in  Fig.  28.  The  result  was  Fig.  81 ,  showing  that  the  tension 
in  the  roof  and  door  was  now  relieved  and  that  there  was  com- 
pressive stress  all  the  way  around  the  edge  of  the  hole  and  that  its 
magnitude  varied  from  point  to  point.  It  was  further  apparent 
from  Fig.  81  that  when  the  horizontal  applied  stress  was  equal  to 
^Q  tension  ceased  at  T,  and  that  as  the  horizontal  appUed 
stress  was  increased  beyond  Q  in  intensity  the  resultanl  nu^  ^\js«^ 
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remained  compressive  until  the  horizontal  appUed  stress =3Q, 
when  cracks  would  appear  at  G, 

Eeturning  to  the  face  powder  theory — which  amounted  to 
assuming  granular  inelastic  material — the  speaker  said  a  relation- 
ship between  the  vertical  and  horizontal  pressures  in  a  mass  of 
such  material  was  established  by  Eankine  as  follows  : 

D  _D      1— sin<^ 
l+sm<^ 

where  <^^was  the  angle  of  repose  for  the  material,  and  if  <f>  was 
known  in  any  case  the  likely  stress  distributioli  around  the  opening 
could  be  worked  out. 

For  elliptical  openings  the  polar-co-ordinate  method  ^as  the 
only  satisfactory  way  of  showing  the  stress  distribution  graphically. 

The  diagrams  would  show  a  high  concentration  of  stress  at  the 
ends  of  the  major  axis,  and  from  the  diagrams  relating  to  elliptical 
openings  it  would  be  possible  to  draw  certain  conclusions  relating 
to  rectangular-shaped  openings. 

There  were  one  or  two  errors- which  had  crept  into  the  paper. 
Fig.  3  was  plotted  all  wrong,  the  horizontal  co-ordinates  puzzled 
him.  He  did  not  know  where  the  axis  of  the  figure  was,  and  he 
himself  would  have  put  0  at  the  centre  of  the  opening  along  the 
axis,  but  there  was  something  else  there,  and  perhaps  the  author 
would  explain  the  real  figures  which  should  appear  on  those 
graduations.  There  were  one  or  two  other  places  in  which  the 
wording  should  be  cprrected  :  in  the  first  paragraph  under  *  The 
Nature  of  Rock  Pressure  \  sixth  line,  he  thought  *  deduced  *  should 
read  *  assumed  ' — one  did  not  know  enough  about  the  subject  to 
deduce  anything.  Poisson's  Ratio  was  introduced  very  subtly  on 
the  next  page,  and  he  asked  for  a  little  enlightenment  on  para- 
graph (4)  because  of  course  the  vertical  stress  would  be  increased 
also  ;  it  was  just  a  question  again  of  the  ratio  of  the  vertical  stress 
to  the  horizontal  stress. 

Mr.  D.  J.  Burdon  said  that  the  last  speaker  had  raised  the 
point  whether  a  rock  encountered  in  deep  mining  deformed  as  an 
elastic  body  or  as  a  granulated  mass.  It  would  appear  that  it 
behaved  partly  in  one  way,  partly  in  the  other  ;  for  both  Rankine's 
formula  for  granular  material,  and  the  equations  arising  from 
Hooke's  Law  for  elastic  bodies  seemed  to  yield  solutions  to  the 
problems  encountered.  He  had  taken  those  two  view-points  when 
elucidating  the  different  states  of  strain  found  in  quartz  from  the 
Kolar  Gold  Field. 

Mining  induced  stresses  which  caused  the  crenelated  and  inter- 
locking edges  of  large  quartz  crystals  to  shear  off,  so  that  large 
unstrained  quartz  was  found  set  in  a  granulated  base — a  form  of 
*  mortar-structure  *.  Quartz  which  had  formed  part  of  an  old 
pillar  in  a  stoped-out  area  very  often  showed  that  phenomenon. 
It  would  appear  probable  that  a  rock  composed  of  such  material 
would  deform  further  after  the  manner  of  a  granulated  mass. 

Geological  forces  comparable  to  those  which  produced  faulting, 


OBOUND    CONTROL — THEORY    AND    PRACTICE — DI8CUB8ION        49 

etc.,  stressed  the  quartz  beyond  its  yield-point,  so  that  a  permanent 
deformation  was  given  to  the  crystal,  which  showed  some  form  of 

*  ondulose  extinction'.  This  deformation  took  place  at  an  early 
age  in  the  history  of  these  quartz-reefs,  and  under  high  confining 
pressure  ;  at  that  time  it  would  appear  that  the  quartz  was  stressed 
beyond  its  yield-point,  but  not  beyond  its  point  of  rupture.  Such 
deformation  should  be  studied  from  the  view-point  of  Hooke's 
Law.  It  was,  however,  probable  that  mining  in  such  geologically- 
deformed  quartz  might  permit  the  material  to  yield  now  as  a 
granulated  mass. 

In  his  introduction,  Mr.  Spalding  spoke  of  the  behaviour  of  rock 
at  great  depth  as  similar  to  that  of  a  fluid  in  the  transmission  of 
stresses.  While  at  some  period  of  their  history  metamorphic  and 
metasomatic  rocks  might  have  so  behaved,  conditions  were  very 
different  when  they  were  opened  up  by  mining.  The  ease  with  which 
some  minerals  deform  was  not  always  recognized  ;  and  it  was  prob- 
able that  once  a  mineral  which  formed  a  reasonable  percentage  of  a 
rook  had  started  to  deform  plastically,  then  the  whole  rock  was  in 
a  semi-hydrostatic  state.  The  flowing  mineral  would  act  as  a 
lubricant  to  the  rest  of  the  rock.  Quartz,  which  appeared  to  have 
all  the  elastic  qualities  of  a  very  hard  mineral,  deformed  much 
more  readily  than  felspar,  although  the  crystal  lattice  of  the  latter 
seemed  to  invite  yielding  by  twinning,  etc.  Mining  did  not  seem 
to  induce  such  high  stresses  as  to  cause  quartz  to  deform  plastically, 
probably  due  to  the  fact  that,  by  its  very  nature,  mining  destroyed 
the  high  confining  pressure  which  helped  a  rock  to  yield  by  flow 
and  not  by  rupture. 

Mr.  J.  Norman  Wynne  said  that  the  subject  was  of  particular 
interest  to  him,  because  he  was  one  of  a  verv  small  band  associated 
over  80  j^ears  ago  with  P.  J.  Crowle,  whom  he  regarded  as  the 
pioneer  in  combating  rock  bursts  on  the  Kolar  Gold  Field.  He 
vividly  recalled  those  (literally)  shattering  experiences,  which 
happened  at  a  time  when  none  understood  their  cause,  much  less 
how  effectively  to  combat  them.     At  that  time  they  were  called 

*  air  blasts  *,  until  that  term  was  officially  deprecated  and  substi- 
tuted by  *  rockbursts  '.  The  violent  concussion  and  tremendous 
rush  of  air  along  the  levels  following  rockbursts  extinguished  carbide 
lamps  and  candles  and,  perhaps  naturally,  the  occurrences  were 
associated  with  some  sort  of  explosion.  He  had  noticed  a  look  of 
incredulity  on  the  faces  of  some  mining  engineers  when  he  had 
recounted  the  quite  common  results  of  rockbursts  on  the  Kolar 
field.  One  had  to  experience  rockbursts  to  appreciate  what  they 
could  do  in  the  way  of  damage,  and  that  was  something  which  the 
average  mining  man  seldom  had  the  opportunity  to  see.  Thus 
Mr.  Spalding  referred  to  *  the  release  of  tangential  pressure  in  a 
newly-opened  development  face '  :  simple*  enough  words,  but 
immediately  recalling  the  occasion  when  he  saw  a  body  that  had 
been  practically  decapitated  by  a  slab  of  razor-edged  quartz 
projected  from  the  face  of  a  development  drift ;  such  was  tjhv> 
violence  of  release  of  tangential  pressure  in  that  paTt\e\Awc  ^^v»<^. 
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He  had  always  been  particularly  interested  in  the  eflfects  of  such 
pressure  releases  in  development  ends  far  removed  from  stopes. 
One  could  understand  normal  subsidence  in  stopes,  but  it  wa8 
^istonifihing  to  observe  the  effects  of  pressure  release  hundreds  of 
feet  from  any  large-scale  excavations.  Li  those  early  day^  the 
whole  emphasis  was  on  providing  compressible  supports,  which 
were  at  the  same  time  sufficiently  rigid  to  support  the  hanging- 
^vall  until  finally  it  reposed  on  the  foot-wall.  Timber  stuUs  were 
systematically  withdrawn  and  pack-walls,  incorporating  stone- 
packed  '  pigsty es  *,  were  built  from  bottom  to  top  of  stopes  to 
provide  staggered  semi-rigid  support  of  the  hanging-wall. 

He  remembered  that  the  effect  of  the  closure  of  the  hanging-wall 
in  many  eases  seemed  to  throw  additional  load  upon  pillars  purposely 
left  standing  with  a  view  to  supporting  the  roof  of  contiguous 
stopes,  and  as  a  result  those  pillars  became  liable  to  sudden  failure. 
He  would  like  to  ask  if  there  was  anything  in  the  nature  of  a  fulcrum 
•effect  upon  such  pillars.  One  had  to  visualize  the  stoping  plans 
•of  the  Kolar  (lold  Field,  over  a  distance  of  several  miles,  showing 
part  of  that  enormous  area  stoped  out  and  part  left  in  the  form 
^f  pillars  in  stopes,  shafts,  etc.  Mostly  the  discussion  referred  to 
pressur(?s  produced  by  load  directly  overhead,  but  he  wondered 
whether  a  large  area  of  collapsed  hanging-wall  shifted  part  of  its 
load  on  to  unstoped  areas.  If  that  were  so,  was  it  not  possible  that 
extensive  subsidence,  even  when  systematically  controlled,  did  in 
fact  result  in  additional  stesses  in  ground  yet  to  be  stoped  ? 

He  had  not  noticed  reference  in  the  paper  to  the  rupturing  of 
the /oo/- wall.  There  again  he  recalled  a  development  level  in  the 
Mysore  niinp  in  which  the  tloor  was  lifted  with  such  force  that  ore 
trucks  wen'  scjuashed  against  the  roof  of  the  drift.  Why  was  that 
pressure  release  manifest«'(l  in  the  /ooZ-wall  of  a  drift  far  distant 
from  the  sloping  areas  '? 

Jt  st^enied  to  him  that  rockbursts  (m  a  major  scale  did  not  become 
<(»mmoii  in  the  Mysore  min«'  until  roughly  the  51st  level  had  been 
reached,  although  of  course  there  had  been  minor  bursts  before 
that  horizon  was  reached.  W  happened  that  he  was  in  Johannes- 
burg when  almost  the  first  major  rockburst  occurred  there.  As 
those  workings  Imtli  in  Kolar  and  the  Hand  could  not  have  been 
very  much  (leep«*r  than  they  were  say  three  or  four  years  earher, 
why  was  it  that  ground  suddenly  became  subject  to  rockbursts  ? 
He  wondered  whether  a  certain  degree  of  weight  and  resulting 
pressure  had  first  to  be  reached,  and  that  then  some  *  trigger 
action  '  threw  the  ground  into  a  succession  of  movements.  It 
certainlv  seemed  in  his  dav  in  the  Kolar  mines  that  several  rock- 
bursts  occurred  in  fairly  rapid  succession  (the  native  superstition 
was  that  th(^r«'  were  always  three),  followed  by  often  long  periods 
of  quiescence.  He  wondered  what  was  the  (experience  in.  say,  the 
St.  John  d'el  liev  mine. 

Dr.  F.  E.  Keep  said  that  he  had  not  read  Dr.  Philhps's  papers 
and  was  accordingly  unable  to  decide  whether  all  the  conclusions 
J//'.  Spalding  had  shown  on  p.  2  were  his  own  or  were  those  of 
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I>r.  Phillips.  He  understood  that  those  on  p.  4  were  Mr.  Spalding's 
own  conclusions.  The  idea  that  the  action  of  hvdrothermal 
solutions  or  ground  waters  at  depth  would  result  in  any  appreciable 
effect  in  ground  pressure  thousands  or  hundred  of  thousands  of 
years  later  seemed  rather  far-fetched.  Any  increase  of  ground 
pressure  due  to  such  action  at  or  about  the  time  of  the  influx  of 
hydrothermal  waters  would  surely  bv  now  have  been  relieved  by 
faulting  or  ground  movement.  He  believed  that  Mr.  Spalding 
had  worked  in  an  area  which  must  at  one  time  have  suffered  from 
very  great  increase  in  pressure  due  to  that  very  cause  ;  he  referred 
to  the  Shabani  asbestos  area.  The  serpen tinization  of  the  dunite 
at  great  depth  there  must  have  been  associated  with  heavy  stresses, 
but  he  remembered  vividly  the  occurrence  of  large  dry  cavities, 
(|uite  unrelated  to  the  present  ground  surface,  encountered  in  the 
early  underground  work  below  the  main  open-cut.  It  was  difficult 
to  reconcile  such  cavities  with  the  presence  of  heavy  pressure  due 
to  serpentinization  and  active  many  geological  ages  later. 

The  simple  hypothesis  that  the  horizontal  stress  was  equal  to 
the  vertical  stress  had  been  long  accepted  by  students  of  rock- 
bursts  in  deep  hard-rock  mines  :  the  almost  hydrostatic  stress 
present  in  such  mines  was  evident  on  all  sides.  At  the  end  of  his 
paper  the  author  laid  down  two  necessities  for  the  effective  control 
of  ground  :  they  were  the  accepted  rules  on  the  Central  Witwaters- 
rand  mine  on  which  the  speaker  worked  15  to  20  j-ears  ago,  and  it 
was  interesting  to  see  that  they  were  still  considered  to  be  valid. 
He  did  not  like  the  recommended  faces  shown  in  Figs.  20  and  21 
for  deep  mines,  however  suitable  they  might  be  for  Americari 
collieries.  \Vhere  rocks  would  bend  they  might  be  suitable,  but 
wh(Te  rocks  apparently  failed  by  shearing  he  would  consider  that 
each  of  the  points  or  promontories,  located  closely  to  one  another 
as  in  the  figures,  would  be  a  death-trap.  The  longwall  faces  now 
popular  on  the  Witwatersrand  were  not  st(*pped  excepting  at 
level,  or  half  level,  intervals  and  then  only  for  the  convenience  of 
the  installation  of  stope  boxes  to  aid  tramming. 

Another  point  upon  which  he  could  not  agree  with  ^Ir.  Spalding 
w^as  regarding  the  statement  that  waste-rock  filling  was  not  a 
suitable  medium  for  control  in  a  mine  subject  to  rockbursts.  On 
the  contrary,  properly  packed  waste-rock  filling  had  been  founds 
on  the  Central  Witwatersrand,  a  more  suitable  medium  than  sand- 
tilling.  The  percentage  compressibilities  quoted  l)y  the  author 
were  liable  to  such  variations,  owing  to  so  many  differing  conditions 
and  factors,  that  little  reliance  could  be  placed  upon  them. 

One  point  which  struck  him,  especially  in  that  section  dealing 
with  the  bending  and  closing  together  of  the  walls  of  a  stope 
without  excessive  fracturing,  was  that  the  paper  was  primarily 
intended  for  hard-rock  metal  miners,  but  that  it  contained  a  lot 
of  theory  and  practice  applicable  more  to  coal  mines  than  to  deep 
metal  mines.  Some  of  the  practices  which  appeared  to  be  ^oxxw^ 
for  comparatively  shallow  workingn  in  less  brittle  rocks  ?^(ieme^  Un 
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him  to  be  likely  to  be  dangerous  if  applied  in  mines  subject  to 
rockbursts. 

Mr.  Spalding  stated  that  one  advantage  of  steel  sets  was  that 
they  could  be  re-shaped  and  re-used.  He  was  asking  for  informa- 
tion and  not  being  critical  when  he  enquired  if  re-shaped  steel  sets 
lost  a  considerable  amount  of  their  original  strength  as  a  result  of 
the  heat  treatment  to  which  they  would  be  subjected  on  a  mine, 
where  expert  knowledge  and  the  necessary  equipment  to  treat  the 
steel  correctly,  in  a  metallurgical  sense,  would  probably  not  be 
available. 

The  President  said  the  subject  dealt  with  in  the  paper  might 
appear  to  some  too  theoretical  and  perhaps  not  sufficiently  practical. 
It  would,  however,  be  fair  to  say  that  much  of  the  theory  had 
been  built  up  out  of  bitter  experience.  There  had,  over  a  long 
series  of  years  on  the  Kolar  Gold  Field,  been  a  constant  struggle 
to  combat  rockbursts,  which,  at  one  time  or  another,  had  done 
extensive  damage  and  caused  loss  of  life  and  injury  to  underground 
workers.  The  gradual  evolution  of  better  methods. of  support  and 
stoping  had  taken  place  at  the  same  time  as  the  search  for  an 
adequate  explanation  of  those  violent  movements.  While,  there- 
fore, the  theory  presented  in  the  paper  did  not  claim  to  be  a 
complete  explanation  of  the  complex  stresses  in  the  rock  surrounding 
mine  workings,  it  did  to  a  large  extent  fit  the  facts.  What  was 
more  important  was  that,  guided  by  such  theory,  it  had  been 
possible  to  reopen  large  areas  of  ground  which  had  been  virtually 
lost  and  to  work  them  profitably.  It  had  also  enabled  mining  to 
continue  at  ever  increasing  depths  with  a  diminution  in  risk  rather 
than  an  increase.  It  might  be  of  interest  to  mention  that  the 
deepest  point  in  the  Ooreguni  mine  was  now  9,376  ft.  vertically 
below  surface. 

It  might  be  felt  that  that  was  a  very  specialized  problem  affecting 
only  the  few  very  deep  mines.  It  might  be  true  in  a  sense,  but 
there  must  be  many  mines  working  deep-seated  deposits,  and 
although  they  might  have  only  reached  moderate  depths  as  yet 
they  might  ultimately  reach  the  great  depths  at  which  such 
problems  arose.  Such  mines  had  the  opportunity  of  profiting  by 
the  experience  of  others  and  might  be  able  to  avoid  many  of  the 
difficulties  and  hazards  which  the  pioneers  had  had  to  endure. 
For  that  reason,  the  theories  which  w(»re  expounded  in  the  paper 
were  deserving  of  very  close  attention  and  should  be  examined 
critically  by  all  who  might  be  concerned  with  deep  mining  at  some 
future  date,  as  well  as  the  comparatively  few  who  were  now 
confronted  by  those  problems. 

The  building-up  of  a  theory  to  meet  such  a  highly-complex 
problem,  if  it  was  to  be  successful,  had  to  be  based  upon  sound 
first  principles,  and  therefore  any  critical  analysis  of  those  theories 
should  start  from  accepted  first  principles  and  endeavour  to  show 
where  the  theory  might  be  weak.  On  the  other  side  of  the  picture 
were  the  practiciil  effects  of  ground  movement  in  the  many  different 
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conditions  found  in  mines  all  over  the  world.  A  valuable  contri- 
bution to  the  solution  of  those  problems  would  therefore  be  accurate 
observations  and  records  of  ground  movement  over  a  period  of 
years  in  any  other  mining  field  where  ground  movement  was  or 
might  become  a  problem. 

One  sympathized  with  the  author  in  his  endeavour  to  express 
his  theory  in  terms  which  were  lucid.  His  use  of  the  terms  *  ring 
stress  '  and  *  stress  envelope  '  did  not  seem  to  convey  quite  what 
he  had  in  mind.  The  term  *  ring  stress  '  conveyed  stress  in  only 
two  dimensions  whereas  in  tlie  simplest  statement  of  his  theory 
he  spoke  of  a  spherical  hole.  The  term  *  stress  envelope  '  could 
be  used  in  either  two  dimensions  or  three  diffiensions  ;  what  he 
thought  was  meant  was  what  might  be  termed  a  '  spherical  stress 
envelope  '.  That  theoretical  point  became  more  practical  when 
the  author  referred  to  a  large  stoped  area  above  which  there  were 
two  parts,  a  central  area  and  an  outer  ring.  There  again  *  ring  * 
indicated  only  two  dimensions,  whereas  the  stresses  surrounding 
a  stoped  area  would  be  roughly  hemispherical.  In  other  words, 
it  was  a  three-dimensional  conception.  That  became  clearer  where, 
in  describing  Fig.  17,  the  author  spoke  of  a  *  stress  dome  '  covering 
the  whole  area  and  inside  it  an  *  annular  dome  of  stress  '.  Those 
terms  were  three-dimensional.  However,  in  the  *  Summary  '  the 
author  cleared  up  the  question  of  terminology  when  ho  said  in 
(8)  that  the  shape  of  the  envelope  varied  from  the  spherical,  through 
all  variations  of  the  ellipsoid,  to  the  cylindrical,  according  to  the 
shape  of  the  included  excavation.  If  that  terminology  could 
have  been  introduced  earlier  into  the  text  it  would  have  clarified 
the  conception  of  the  zone  of  extra  stress  which  surrounded  an 
excavation. 

The  practical  application  of  the  point  was  that  the  problem  of  a 
single  area  unaffected  by  any  other  workings  seldom  occurred. 
More  often  in  practice  there  were  two  or  more  areas  whose  stress 
domes  merged  into  one  another  involving  far  more  complicated 
results,  and  unless  the  problem  were  viewed  in  three  dimensions 
some  quite  erroneous  conclusions  might  be  drawn.  If  the  author 
could  develop  the  application  of  his  theory  to  a  rather  more  com- 
pUcated  and  at  the  same  time  more  practical  case  it  would  be 
most  instructive.  For  instance,  what  happened  when  two  stoping 
areas  approached  one  another  ? 

Towards  the  end  of  the  section  dealing  with  control  of  stoped 
walls  the  author  stated  *  the  use  of  a  regular  system  of  supports 
will  lessen  this  uuevenness  of  stress  distribution  especially  if  more 
rigid  supports  are  used  in  the  wide  places  than  in  the  narrow  '. 
In  advocating  t\w  use  of  supports  of  varying  rigidity  in  wide  and 
narrow  places  it  would  be  well  to  emphasize  that  that  practice 
should  bo  confined  to  such  places  and  that  for  general  application, 
where  the  width  of  the  opening  did  not  vary  greatly,  it  was  highly 
important  that  the  supports  should  not  vary  in  their  compressi- 
bility ;  in  fact,  a  mixture  of  different  types  of  support  oi  \«tiY\w% 
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rigidity   could   be   disastrous   in    the   proper   control   of   ground 
movements. 

Mr.  J.  A'C.  Bergne  said  that  a  great  deal  of  work  had  been 
put  into  the  paper  and  it  was  of  fundamental  importance.  He  had 
not  had  much  experience  of  deep  mining — the  deepest  he  had 
been  was  about  5,000  ft. — and  he  had  not  studied  the  effects  of 
excavations  in  very  deep  mines.  He  thought,  however,  that  there 
must  be  some  threshold  loading  of  the  rocks  before  failure  com- 
menced, in  spite  of  the  findings  of  the  research  workers  on  concrete. 
There  were  caves  in  existence  which  went  right  back  to  Miocene 
times  :  the  evidence  was  on  the  walls  in  the  shape  of  paintings  of 
prehistoric  man,  but  no  tlaking  of  any  kind  had  taken  place.  Also, 
in  his  own  experience,  a  mine  had  been  stoped  over  an  area  of 
approximately  half  a  mile  square  with  no  failing  whatsoever.  It 
was  a  narrow  orebody  and  only  pillars  were  left.  One  could  go 
into  those  old  workings  and  there  were  no  signs  of  HakiQg  anywhere, 
just  a  little  dust  :  yet,  when  mining  was  re-conmienced  for  some 
ore  which  had  been  left  behind  some  equilibrium  was  upset,  weight 
came  on,  and  all  the  signs  of  heavy  pressure  were  observed,  the 
pillars  being  crushed  into  the  softer  foot-wall.  ^Again,  in  the 
Morenci  mine,  in  Arizona,  they  were  attempting  in  1928  and  1929 
to  use  the  caving  method  and  while  he  worked  there  an  adit, 
capable  of  taking  50-ton  gondolas  on  standard  gauge  track,  was 
being  driven  with  the  object  of  mining  the  immense  Clay  orebody 
by  caving.  When  it  came  to  mining  they  fcmnd  they  could  not 
make  the  rock  cave.  Not  only  did  they  undercut,  but  they  ran 
shrinkage  stopes  around  the  perimeter  of  blocks  in  the  attempt  to 
cut  the  rock  away  from  the  mass  beside  it,  and  still  they  could 
not  obtain  anv  ore  easilv  bv  that  method.  He  understood  that 
that  orebody  had  since  been  mined  by  open-cut  methods.  There 
was  thus  something  to  be  said,  he  felt,  for  the  view  that  a  threshold 
loading  proportional  to  some  rock  characteristic  nmst  be  reached 
before  which  no  rockbursts  or  caving  would  occur.  He  would 
be  very  glad  to  hear  the  author's  comment  on  that  point. 

Mr.  Spalding  in  reply  said  he  apologized  for  bringing  mathe- 
matics into  the  subject.  It  was  not  a  suitable  subject  for 
mathematics,  because  nothing  was  tixed  or  definite — there  was 
doubt  expressed  as  to  whether  the  rocks  could  be  treated  as  elastic 
or  whether  they  should  be  considered  granular.  A  solid  compact 
rock  could  not  be  treated  as  being  entirely  inelastic.  Dr.  Phillips's 
experiments  clearly  showed  that  the  specimens  of  rock  he  treated 
behaved  elastically  up  to  certain  limits  for  immediate  loading  or 
unloading.  It  was  only  when  the  time  element  was  brought  in 
that  the  elastic  properties  were  masked  by  creep.  The  interesting 
point,  and  it  was  one  on  which  further  enhghtenment  was  required, 
was  that  creep  seemed  to  tend  to  a  limit  for  any  given  loading, 
after  which  the  body  again  appeared  to  show  elastic  properties. 
It  would  seem  then  that  the  rocks  examined  possessed  the  quality 
of  elasticity  superimposed  on  what  was  another  property  (creep),  of 
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wbich  next  to  nothing  was  known.  All  one  could  do  in  such  an 
extraordinary  situation  was  to  reason  and  calculate  assuming  one 
condition  and  then  another,  comparing  the  results  on  the  different 
assumptions.  From  whatever  angle  approach  was  made,  he  found 
that  the  indication  was  that  in  a  solid  homogeneous  rock  mass 
there  was  a  state  of  stress  which  approached  the  hydrostatic  in 
character. 

He  said  he  was  very  glad  that  Professor  Sillick  produced,  by  a 
completely  different  method,  the  same  basic  formula  for  the  stress 
in  the  rock  surrounding  a  cylindrical  excavation  as  that  used  in 
the  paper.  The  angle-of -repose  formula  suggested  by  him,  how- 
ever, was  completely  inapplicable,  because  it  referred  only  to 
u.x:i confined  material  subjected  to  a  limited  weight.  Loaded  with 
**i  increasing  pressure,  the  angle  of  repose  of  a  granular  material 
w-^M  constant,  but  beyond  a  certain  critical  point  it  changed 
completely.  Experience  with  dumps  of  fine-ground  taihngs 
iriciicated  that  if  the  slime  were  piled  more  than  about  400  ft.  high, 
the  base  of  the  dump  burst  out.  At  a  stress  equal  to  the  weight 
<>f^    400  ft.  of  material,  therefore,  the  angle  of  repose  disappeared. 

IBeplying  to  Mr.  Taylor,  he  agreed  that  the  tenu  *  ring-stress  * 
^^a^s  a  bad  one,  but  having  started  using  it  in  the  first  paper  he  had 
<*^^iTied  on  with  it,  although  he  preferred  the  term  *  stress  envelope  \ 
I^oth  those  terms  referred,  of  course,  to  a  three-dimensional  con- 
<^^?ption,  but  if  it  were  attempted  to  represent  a  complex  three- 
dimensional  stress  system  by  diagram,  the  result  would  be  extremely 
<^  confusing — nor  was  it  easy  to  envisage  such  a  system  without  the 
*icl  of  diagrams.     Luckil}^  however,  most  mining  excavations  were 
<3longated  in  at  least  one  direct.i(m,  so  that  the  stress  in  that  direction 
^^'as  less  important  than  in  those  at  right-angles  to  it.     The  latter 
st.x-esRes    could    be   simply    represented    on    cross-sections   of    the 
excavation.     In  the  case  of  a  horizontal  tunnel,  the  longitudinal 
component  of  stress  was  little  affected  by  the  excavation,  and  one 
^'B-s  less  interested  in  it  than  in  the  stresses  at  right-angles  to  it. 
^  that  case  the  additional  stresses  appeared  on  the  cross-section 
*s  rings  surrounding  the  excavation,  which  was  the  reason  for  the 
^^'"iginal  terminology.     For  excavations  elongated  in  two  directions, 
^^oh  as  stopes,  the  stresses  could  be  viewed  on  any  plane  perpen- 
^^cular  to  the  lode,   because  the  dip  and  strike  components  of 
strosR  were  less  important   than  the  normal  component.     Equi- 
^^^i^k-nsional  excavations  such  as  chambers  could  bo  viewed  on  any 
<?oav*»ni(*nt  plane  through  the  centre. 

,  ^^i|5.  3  had  been,  perhaps,  poorly  described.     In  order  to  place 

^     various  curves  in  such  a  manner  that  comparisons  could  be 

*^e  between  them,  the  sid(^  of  the  excavation  had  been  made  the 

/L^^^    point  on  the  distance  scale,  that  being  the  point  from  which 

J^     ^^tress  curves  started  in  all  cases.     Measurements  to  the  right 

^  lat   point   then   represented   distances   into   the   solid   rock ; 

'jj^^- ^urements  to  the  left  represented  distances  from  the  svdo  U> 

^        centre  of  the  excavation.     In   order   to   mea^i^uTe  Ito\w  Wvv? 
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centre  to  any  point  in  the  rock,  therefore,  the  two  measurements 
had  to  be  added. 

In  the  discussion  an  increase  in  the  vertical  stress  component 
had  been  postulated.  Except  in  the  cases  of  geological  or  geo- 
graphical  abnormalities,  with  which  general  theories  should  not  be 
expected  to  deal,  an  increase  in  the  vertical  stress  was,  however, 
an  impossibility.  It  depended  solely  on  the  weight  of  super- 
incumbent rock,  which,  in  turn,  depended  only  on  the  depth.  If 
an  extra  vertical  stress  were  conceivably  produced  the  surf&ce  of 
the  ground  was  a  free,  face,  and  that  extra  stress  would  immediately 
be  relieved  by  expansion  upwards  towards  it. 

In  reply  to  Dr.  Keep  ho  said  that  the  eight  conclusions  given 
on  p.  2  were  among  the  findings  of  Dr.  Phillips,  a  result  of  that 
gentleman*s  personal  research  ;  the  numbered  paragraphs  on  p.  4 
were  original.  Dr.  Keep  had  mentioned  that  the  horizontal  stress 
would  be  relieved  after  a  period  of  time,  but  he,  the  author,  asked 
how  could  the  stress  disappear  except  by  expansion  and  if  there 
was  no  room  to  ex^nd  how  could  the  stress  be  relieved  ? 

Dr.  Keep  interjected.  By  faulting  ! 

Mr.  Spalding  agreed  that  that  was  possible,  but  stated  that 
they  were  concerned  not  with  tectonic  movements  but  with  residua! 
stresses.  With  regard  to  the  Shabani  mine,  he  had  worked  on 
it  himself — the  workings  were  very  near  surface  and  there  were 
many  fissures  in  the  rock,  and  in  ground  of  that  nature  one  could 
not  expect  any  horizontal  stress.  Near  the  surface  the  rocks  were 
less  compact  and  the  stresses  in  them  were  comparatively  minute  ; 
therefore  he  did  not  think  that  in  such  ground  they  could  look  for 
any  of  the  effects  which  they  had  been  discussing.  Kocks  near 
surface  were  weak,  but  stresses  were  likewise  less  severe.  Whether 
yielding  or  complete  failure  occurred  depended  entirely  on  the 
ratio  of  stress  to  strength. 

With  regard  to  caves  in  which  historical  relics  showed  that 
there  had  been  no  flaking  of  the  walls  for  thousands  of  years,  those 
caves  having  existed  for  a  long  period  of  geological  time  prior  to 
that,  it  was  to  be  expected  that  any  rock  movement  due  purely 
to  stress  would  have  occurred  long  before  man  appeared  and  that 
equilibrium  would  by  then  have  been  established.  Where  recent 
flaking  or  faults  did  appear  in  such  cases  they  were  probably  due 
to  the  decay  of  the  rock  owing  to  chemical  action  by  air  or  water. 

Professor  Sillick  had  said  that  in  the  previous  paper  the  author 
had  written  '  the  stuff  came  out  like  dust,  which  indicated  that  the 
material  had  failed  long  before  the  opening  was  made  '.  A  material 
subjected  to  pressure  of  lu'drostatic  character  could  not  fail — 
rigidly  confined  on  all  sides  it  could  not  disintegrate  :  at  the  worst 
it  became  plastic — it  was  only  when  the  stresses  were  unbalanced 
by  mining  operations  that  shear  and  crushing  could  take  place, 
and  so  the  dust-like  material  mentioned  must  have  been  crushed 
in  the  immediate  vicinity  of  a  mine  opening,  during  and  as  a  result 
of  the  advance  of  that  opening. 
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With  regard  to  Mr.  Gray's  remarks  on  the  use  of  compressible 
supports  in  development  excavations,  the  author  explained  that 
when  a  rectangular  excavation  was  first  opened  up  the  back  wa» 
ftoUd.  The  stress  envelope  then  ringed  the  excavation  closelj. 
After  a  while  the  back  began  to  sag  a  little,  a  fracture  dome  b^gan 
to  form,  and  the  stress  envelope  was  expanded.  Seeing  the  sagging 
roof,  or  perhaps  merely  anticipating  it,  the  miner  would  decide  to 
put  in  a  support,  his  object  being  to  stop  further  sag.  K  he  inserted 
a  rigid  support  immediately,  the  slightest  further  movement  of  the 
roof  would  throw  stress  on  to  it.  The  more  rigid  was  the  support, 
the  more  rapidly  it  would  take  up  the  stress.  Having  taken  the 
stress,  the  rigid  support  would  then  divide  the  stress  envelope  into 
two  smaller  ones,  as  was  indicated  in  the  diagram.  The  span 
being  thus  halved,  further  arching  or  fracture  doming  would  be 
prevented.  If,  on  the  other  hand,  a  compressible  support  such  as 
a  pigsty  were  put  in,  at  first  it  would  not  take  any  stress  other  than 
that  imparted  to  it  by  blocking  up,  and  the  back  would  still  be 
largely  free  to  sag.  It  might  come  down  an  inch  or  so  and  even 
then  the  pigsty,  unUke  the  timber,  would  not  oppose  a  great  deal 
of  resistance.  Three  inches  or  more  sag  might  be  required  before 
the  pigsty  was  sufficiently  compressed  to  arrest  the  movement  of 
the  rock,  during  which  action  the  fracture  dome  and  the  stress 
rings  would  be  all  the  time  extending  upwards.  The  pigsty  would 
certainly  hold  up  the  loose,  but  the  timber  would  largely  prevent 
its  formation. 

Mr.  Gray  had  objected  to  timber  posts — he  said  they  were  not 
rigid — but  the  speaker's  experience  was  that  timber  under  end 
pressure  was  extremely  strong  and  could  certainly  be  regarded  as 
a  rigid  support.  Concrete  posts  were  also  much  used  in  such 
circumstances,  the  creep  which  Mr.  Gray  mentioned  being  extremely 
small  in  comparison  with  the  roof  movements.  While  it  might  be 
enough  to  allow  a  certain  amount  of  adjustment  of  differential 
stress,  in  a  case  like  that,  where  one  was  dealing  with  measurable 
movements,  the  amount  of  creep  was  trivial.  Structural  engineers 
had  after  all  used  concrete  for  tens  of  years  bt^fore  thev  discovered 
there  was  such  a  thing  as  creep. 

In  reply  to  Mr.  Wynne,  the  author  said  that  closure  on  the  Kolar 
Gold  Field  was  by  shear,  and  for  that  reason  rigid  supportinj^  was 
necessary.  At  intermediat(»  depths  compressible  supports  had  been 
extensively  used,  but  rockbursts  of  great  violence  occasioiuHl  by 
shear  frequently  occurred,  and  it  was  only  after  rigid  supports  were 
introduced  that  some  measure  of  control  of  the  wall-rocks  was 
gained. 

The  barren  areas  which  lav  between  the  ore-shoots  conipletelv 
isolated  those  ore-shoots — a  series  of  rockbursts  involving  a  general 
collapse  in  one  did  not  affect  the  others. 

Where  a  renmant  was  b(»ing  mined  there  would  inevitably  come 
a  time  when  the  renmant  was  stressed  to  the  point  of  failure.  In 
a  rock  of  a  type  which  yielded  suddenly  rather  than  gradually 
the  remnant  would  be  in  a  critical  state  just  beiore  iaWwxv)..    \\, 
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might  be  iri  that  ^tute  for  Kome  coaaiderable  period  of  time,  if  the 
relief  by  creep  happened  to  be  balanced  by  the  rate  ot  increase  in 
stress  caused  by  its  reduction  in  size.  When  in  that  critical  slate 
&tff  external  influence,  such  as  a  seismic  wave,  might  occasion 
failure.  In  that  way  a  rockburst  in  one  isolated  ore-shoot  might 
initiate  another  rockburst  in  an  adjacent  one.  either  simultaneously 
or  soon  after.  It  could  nnt  be  said  to  be  the  cause  of  it— it  was 
merely  the  last  straw  on  (he  back  of  an  already  overloaded  camel. 
Apart  from  occurrences  such  as  that  tbe  barren  zones  between 
ore -shoots  formed  effect  i^'e  barriers. 

Mr.  Wynne  mentioned  pillars  in  connection  with  early  experi- 
ments in  ground  control  on  the  Kolar  Gold  Field.  If  pillars  were 
to  be  used  tor  that  purpose  they  must  be  sutficiently  closely  spaced 
to  prevent  closure  of  the  walls  between  them,  otherwise  shear 
cracks  formed,  sometimes  with  violence,  or  alternatively  the  faces 
of  tbe  pillars  might  be  crushed  by  what  Mr.  Wynne  termed  the 
fulcrum  effect. 

With  regard  to  Mr.  Wynne's  expressed  surprise  at  movement  ot 
the  foot-wall,  Mr.  Spalding  said  that  the  stress  distribution  could 
be  demonstrated  as  a  '  tield  ',  represented  by  lines  of  force  similar 
to  those  in  a  magnetic  tield.     In  Fig.  32  the  portion  of  the  8trei>3 


I'iach  liiii-  represented  a 

■  together  the  greater 

n  from  tbe  figure  that 

r  both  foot-  and  liauging- 

mpletely.  ' 


envelope  near  ii  sttipe  face  wast  shoi 

definite  force,  and  the  closer  tbe  lines  \ 

was  the  stress  in  the  rock.     It  could  be  ? 

conditions  were  substantially  the  si 

walls.     If  the  rock  wen-  going  to  y 

be  as  hable  to  do  so  in  the  foot-  as  iit  the  hanging- wall.     In  the 

case  of  we  11 -developed  fracture  domes,  of  course,  gravity  assisted 

the  niov<<iTient  of  senii-loose  in  the  hanging-wiill  and  restrained 

that  in  the  foot. 

He  dinagreed  with   Mi'.   Wymie's  renuirks  with  regard  to   the 
depth  at  which  nn-kbursts  occurred  on  the  Kolar  (Sold  Field.     In 
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■opening  up  some  old  areas  he  had  found  indisputable  evidence  on 
the  Ooregum  mine  of  a  bad  rockburst  at  a  depth  of  about  1,000  ft. 
The  worst  rockbursts  on  the  Kolar  Gold  Field  had  occurred  at 
between  2,000  and  8,000  ft.  in  depth — that  they  had  not  become 
still  worse  at  greater  depths  was  due  to  the  fact  that  at  about  that 
time  the  mine  staffs  began  to  understand  what  was  happening  and 
80  were  able  to  take  corrective  measures.  As  a  result  from  that 
depth  onward  rockbursts  had  not  been  so  widespread  nor  so 
devastating  as  in  those  particular  areas. 

Mr.  Wynne  had  mentioned  rockbursts  occurring  in  series  of 
Mfveral  in  quick  succession.  If  an  ore-shoot  were  stoped  in  a 
haphazard  manner*  an  orderly  sequence  of  stoping  being  abandoned 
owing  to  output  demands,  a  number  of  pillars  and  remnants  were 
likely  to  be  formed.  As  they  were  gradually  reduced  in  size  the 
loading  on  the  remainder  increased  until  the  dangerous  critical 
stage  was  reached.  The  failure  of  any  one  remnant  would  then  so 
increase  the  stress  on  the  remainder  as  to  cause  them  to  fail  in 
succession,  until  a  general  collapse  of  the  whole  area  occurred. 
Such  collapses  often  took  a  day  or  so  to  become  complete,  and 
.rock  movements  frequently  ccmtinued  up  to  three  days  after  the 
initial  burst.  Seismograph  records  of  such  a  general  collapse 
usually  showed  tirst  a  heavy  shock,  followed  by  a  prolonged  series 
of  minor  tremors,  interspersed  with  which  would  be  occasional 
further  heavy  shocks,  some  of  which  might  sometimes  be  consider- 
ably heavier  than  the  original  one.  It  was  realization  of  the 
importance  of  a  correct  sequence  of  stoping  that  had  led  to  the 
great  reduction  of  the  incidence  of  rockbursts  in  all  the  fields  of 
deep  mining.  That  factor  was  even  nion*  important  than  the 
practice  of  support. 

Replying  to  Dr.  Keep,  he  said  that  the  method  of  stepped 
longwall  was  regularly  carried  out  on  the  Rand  mines  and  in  other 
deep  metalliferous  mines.  It  was  not  a  practice  which  was  confined 
to  coal  mining.  He  disagn^ed  strongly  with  Dr.  Keep  in  his  plea 
to  separate  metalliferous  and  coal  mining  practice.  There  wa*! 
much  that  the  metal  miners  could  learn  from  the  coal  miners,  and 
vice  versa  ;  it  was,  he  said,  a  pity  that  those  two  separate 
professions  did  not  collaborate  more. 

With  regard  to  the  re-shaping  of  steel  sets,  he  did  not  know 
^^hat  the  effect  was  on  the  steel,  but  the  re-shaping  of  sets  was 
K**neral  practice  on  the  Kolar  Gold  Field  and  also  on  the  Band. 

Dr.  Keep  had  expressed  disagreement  with  the  author  when  he 
^rote  that  waste-rock  was  not  suitable  for  support — under  the 
jioading  *  Closure  by  Shear  '.  On  the  Hand,  closure*,  except  of  the 
immediate  hanging,  was  by  bending,  and  in  such  mines  waste-rock 
^*s  a  good  medium  for  control.  With  closun^  by  shear,  on  the 
^ther  hand,  rigidity  of  support  was  necessary,  otherwise  the  shear 
*^s  liable  to  get  out  of  hand  and  might  become  violent,  causing 
Rockbursts.  Dr.  Keep  mentioned  that  rockbursts  were  reduced 
^o^n  a  certain  mine  changed  over  from  timber  supports  to  wa?»te- 
fock  filling.     He  would   like   to   query   the   implication  ol  Wiekl 
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statement — could  tho  connection  be  proved  ?  About  the  same 
time  did  they  not  begin  to  realize  the  significance  of  a  sequence  of 
stoping,  and  that  the  old  methods  in  which  every  block  was  reduced 
to  a  ronmant  was  the  chief  cause  of  rockbursts  on  the  Band  ? 

Nowadays  all  deep  mines  on  the  Rand  were  using  the  longwall 
or  the  stepped  longwall  system  of  stoping,  and  by  that  practice 
alone  they  had  reduced  their  rockbursts  to  a  very  great  degree. 
On  visiting  one  Rand  mine  recently  he  had  been  informed  that  by 
no  other  method  than  that  of  going  over  to  stepped  longwall 
stoping,  rockbursts  had  been  reduced  from  160  to  40  a  month. 

With  regard  to  varying  the  rigidity  of  supports  the  suggestion 
was  rather  an  impractical  one,  except  in  certain  cases.  There  were, 
however,  special  circumstances  in  which  it  was  most  important — 
for  example,  the  stoping  of  a  fairly  wide  lode  intersected  by  a 
dyke.  In  a  case  where,  m  order  to  prevent  rockbursts,  stoping 
was  carried  on  through  the  dyke,  if  the  lode  were  10  ft.  wide,  when 
going  through  the  dyke  the  stope  width  would  be  reduced  to  the 
]ninimum  (say  3  ft.),  for  the  sake  of  economy.  If  mat  packs  were 
used  as  supports  and  the  total  closure  were  of  the  order  of  2  ft. — 
that  was,  from  10  ft.  width  to  8  ft. — those  supports  would  then  be 
squeezed  by  20  per  cent  of  their  original  width.  Through  the 
dyke,  however,  the  supports  would  be  crushed  by  the  2  ft.  of 
closure  from  3  ft.  to  1  ft. — that  was,  by  67  per  cent  of  their  original 
size.  Therefore,  if  those  supports  were  of  the  same  quality  as 
those  normally  used,  they  would  be  squeezed  over  three  times  as 
much  and  their  resistance  to  the  closure,  provided  they  did  not 
disintegrate,  would  be  of  the  same  order.  That  would  stress  the 
dyke  rock  unduh',  and  might  itself  precipitate  a  burst.  Therefore 
through  the  dyke  a  support  which  was  much  more  compressible 
than  the  normal  support  should  be  used — such  as  an  open  pigsty. 

Thn  point  which  Mr.  Taylor  raised  about  mines  working  deepr 
seated  deposits  at  depths  which  were  as  yet  moderate  was  a  most 
important  one.  Provided  that  the  ore  continued  in  depth,  mines 
were  gradually  extended  downwards.  Frequently,  however,  their 
staffs  did  not  realize  that  they  were  approaching  the  state  when 
they  could  be  considered  *  deep  \  The  first  evidence  they  might 
r«»ceive  of  that  might  easily  be  a  violc^nt  rockburst.  There  were 
seldom  any  warnings  of  such  things — there  were  usually  no  indi- 
(»ations  that  one  was  approaching  the  critical  point  at  which  a 
sudden  and  violent  rock  failure  might  occur — the  first  rockburst 
ill  a  mine  came  unheralded  and  unexpected  and  for  that  reason 
was  likely  to  be  all  the  more  disastrous. 

iiockbursts,  then,  were  not,  as  Mr.  Taylor  had  pointed  out,  *  a 
v(Ty  specialized  problem  affecting  only  the  few  very  deep  mines  '. 
They  were  a  potential  problem  for  every  mine  which  was  extending 
in  depth.  Tlui  staffs  of  all  mines  which  were  following  down  on 
deposits  which  continued  to  depth  should  therefore  keep  a 
critical  eye  on  their  seciuences  of  stoping  and  methods  of  support, 
and  also  on  the  nature  of  the  rock  and  its  mode  of  failure.  Rock- 
bursts were  less  likely  to  occur  where  stresses  could  be  relieved  by 
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rocks  which  swelled  or  crumbled  under  stress,  than  where  no 
such  relief  was  possible  and  where  the  rocks  spalled  or  spat  out 
with  violence.  For  instance,  although  the  reef  and  the  hanging- 
wall  were  of  quartzite,  rockbursts  were  unknown  on  the  East 
Hand,  where  there  was  a  foot-wall  of  shale  which  appeared  to  yield 
almost  plastically.  On  the  other  hand,  at  similar  depths  bad 
rockbursts  had  occurred  on  the  Central  Rand  where  the  foot, 
hanging,  and  reef  were  all  quartzite. 

Dr.  Keep  said  that  his  previous  remarks  had  referred  to  20 
years  ago,  before  longwall  stoping  as  such  had  been  introduced  on 
the  Central  Witwatersrand.  On  the  mine  upon  which  he  then 
worked  the  incidence  of  rockbursts  had  been  very  high,  but  the 
change  over  from  pigsty  and  timber  support  to  waste-filling  had 
completely  changed  the  picture  and  rockbursts  became  fewer  and 
fewer  as  the  waste-supported  area  increased.  It  was  even  then 
Well  known  that  the  fewer  remnants  that  were  formed  the  safer 
Would  be  the  mine  (one  of  the  chief  reasons  for  the  introduction  of 
longwall  stoping  later),  but  at  that  time  the  mine  was  not  developed 
suflBciently  far  ahead  to  permit  the  best  programme  of  stoping 
known  to  be  carried  out. 

The  President  expressed  thanks  to  the  author  for  his  interesting 
paper  which  had  produced  a  stimulating  discussion  and  would,  he 
hoped,  produce  more  in  written  contributions. 


CONTRIBUTED  REMARKS 

Mr.  J.  Nomian  Wynne :  Insufficient  time  was  available  at 
fhe  meeting  to  discuss  the  manifold  considerations  raised  by  this 
instructive  paper  and  I  should  like  to  add  a  few  points  to  those 
*li"eady  contributed. 

It  seems  evident  that  molecular  stresses  inherent  in  rock  masses, 

^o^ever  produced,  rest  in  natural  equilibrium  until,  in  the  case  of 

'^^ining,  sufficiently  extensive  excavations  upset  this  natural  balance 

**^d  also  provide  opportunity  for  pressure-relief.     In  the  case  of 

^^Tthquakes,    stresses    which    have    reached    a    critical    state    of 

disequilibrium  in  the  rock  masses  forming  the  earth's  crust  are 

^t^le  to  adjust  themselves  b}-  relief  along  the  well-defined  tectonic 

^^es  of  pre-existing  weakness,  and  in  these  zones  enormous  rock 

'^^^isses  are  almost  continuouslv  and  in  varying  dogret^  *  on  th(» 

'^  we  \ 

The  author  and  Professor  Sillick  illustrated  mathematically  the 
*- ^>.eoretical  degree  of  pressure  normally  to  be  expected  at  given 
^^nts  in  certain  types  of  localized  excavation.  The  Kolar  or  Rand 
*^>^iner  is,  however,  concerned  with  stoping  and  development  areas 
^^gregating  a  considerable  acreage,  of  which  shafts,  stations,  pump 
^l^arabers  and  similar  openings  constitute  but  a  very  small  pro- 
^^^rtion.  It  seems  to  me  that  these  great  areas  nmst  be  regarded 
'^^  a  whole,  and  I  confess  difficulty  in  imagining  formulae  pracU<i^V»Vv 
applicable,  even  to  the  hanging-wall  alone,  in  progies^WeVy  9.V.o\)v^^ 
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areas  of  such  maguitude.  ^As  previously  pointed  out,  the  Kolar 
Gold  Field  extends  ov^r  a  length  of  several  miles  ;  and  it  would  be 
interesting  to  know  what  to-day  is  the  ratio  of  excavated  in  relation 
to  solid  ground  along  such  a  length  and  to  a  depth  of  say  6,000  ft. 
on  the  Kolar  or  Witwatersrand  field. 

During  my  nine  years*  underground  service  in  the  Mysore  mine 
I  gained  the  impression  that  certain  areas  in  the  Kolar  mines 
were  markedly  more  subject  to  rockbursts  than  others,  even  in 
the  same  property — perhaps  .because  I  had  the  doubtful  privilege 
of  being  in  charge  of  a  section  at  that  time  particularly  susceptible. 
I  would  like  to  ask  if  this  factually  is  so,  and  if  so  whether  any 
explanation  is  available. 

Rightly  or  wrongly,  I  also  became  convinced  that  some  external 
influence  *  touched  off '  the  final  release  of  cumulative  pressure 
manifested  in  the  instantaneous  and  violent  rupturing  of  hanging- 
or  foot-wall  that  previously  bad  shown  no  visible  evidence  of 
having  reached  the  *  danger  point '.  Conversely,  it  was  remark- 
able how  not  far  distant  areas  stoped  many  years  earlier — unfilled 
or  otherwise  unsupported — were  entirely  unaffected  by  repeated 
extremely  heavy  rockbursts.  May  I  ask  if  any  connection  between 
lunar  phases  and  rockbursts  has  been  observed  ?  It  seems  at 
least  possible  that  if  ocean  masses  are  so  powerfully  affected  similar 
*  tidal '  influence  may  be  exerted  upon  rock  masses  also.  And 
has  any  seasonal  periodicity  been  noted  ?  In  Japan  it  is  commonly 
believed  that  earthquakes  are  more  hkely  to  occur  in  the  autumn 
and  at  certain  phases  of  the  moon.  My  five  years'  experience  in 
that  countrv  inclined  me  to  think  that  this  is  not  entirelv 
superstition. 

It  may  be  interesting  to  note  that  seismic  waves  themselves  do 
not  appear  to  have  any  appreciable  effect  upon  mine-workings. 
I  had  only  just  taken  over  the  management  of  a  group  of  mines  in 
the  Idzu  Peninsula  when  the  Great  Earthquake  of  1st  September, 
1928,  occurred,  the  mines  being  located  less  than  80  miles  from  the 
epicentre.  .  As  I  watched  the  2,000-ft.  high  mountain  range 
quivering  like  stiff  blancmange,  1  appreciated  in  some  degree  and 
for  the  first  time  what  was  meant  bv  *  fluiditv  '  in  rock  masses. 
With  Kolar  experiences  in  mind,  I  fully  expected  the  extensive 
and  very  ancient  stoped  areas  (entirely  imsupported)  to  be  seriously 
affected.  No  damage  of  any  kind  resulted,  while  the  few  men 
concreting  a  pump-chamber  at  a  depth  of  600  ft.  below  sea-level 
on  this  mine  holidav  were  blissfuUv  unaware  of  the  convulsion 
which  had  laid  the  whole  of  Yokohama  and  large  areas  of  Tokyo 
in  ruins  and  had  caused  tidal  waves  which  had  swept  miles  inland. 
Inquiries  showed  that  none  of  the  other  Japanese  mines  was  in 
any  way  affected. 

Mr.  J.  A'C.  Bergne  :  In  answer  to  my  request  for  an  explana- 
tion of  some  outstanding;  examples  of  large  voids,  all,  incidentally, 
in  crystalline  rocks,  indicating  the  failure  of  the  formation  to  cave 
in,  Mr.  Spalding  revealed  the  fact  that  he  considered  that  in  these 
cases  an  erjf ni Jibrium  had  been  reached  and  no  more  strain  was  to 
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^  expected  from  the  stresses  set  up  by  the  particular  load  applied. 
This  statement  is  in  direct  contradiction  of  Dr.  D.  W.  Phillips's 
conclusion  (1)  set  out  on  p.  2  of  the  paper.  It  would  seem,  there- 
fore, that  there  is  something  to  say  in  support  of  the  thought 
prcMsent  in  the  minds  both  of  Mr.  Wynne  and  myself  that  there  may 
i>^  some  threshold  loading  connected  with  rock  characteristics 
which  must  be  applied  before  creep  will  occur.  Further,  Professor 
Sillick's  remarks  lead  one  to  suppose  that  the  particular  rock 
characteristics  involved  may  be  connected  not  only  with  the 
physical  properties  of  the  constituent  minerals  but  also  with  the 
sh^pe  and  orientation  of  the  grains  of  the  rock. 

If  this  were  found  to  be  so,  it  might  lead  to  an  explanation  of 
tlit^  anomalous  fact  that  the  brittle,  crystalline,  hornblende-schist 
c€>iintry-rock  of  the  Kolar  Gold  Field  commenced  bursting  at  the 
shallow  depth  of  1,000  ft.,  while  shales  and  similar  rocks  have 
st>ttled  quietly  at  much  greater  depths,  without  invoking  the 
pressures  to  be  found  in  ultra-deep  mines. 

Mr.  H.  R.  Kerr :  Having  worked  at  the  Champion  Reef  mine 
^>*i>in  1912-1914  and  experienced  rockbursts,  I  think  the  following 
remarks  mav  be  of  interest. 

To  begin  ^ith  it  must  be  emphasized  that  the  management  took 
♦'Very  possible  precaution  and  no  expense  was  spared  in  attempting 
*o  make  the  mine  safe.  Despite  this  I  can  assure  Mr.  Norman 
^^  ^nne  that  in  those  days  rockbursts,  or  *  air  blasts  '  as  they  were 
*hen  called,  were  not  at  all  uncommon.  The  rockbursts  occurred 
^'ithout  any  warning  as  sudden  explosions  in  hard  ground  and 
shattered  the  heaviest  timbers.  In  some  cases  large  masses  of 
''ock  were  broken  down  although  the  bursts  were  not  by  any  means 
^orifined  to  the  proximity  of  the  lode.  More  or  less  serious  bursts 
^'^re  liable  to  occur  in  any  part  of  the  mine.  I  understood  Mr. 
Spalding  to  say  that  pillars  often  proved  to  be  a  veritable  death- 
*^ap :  this  is  absolutely  correct.  The  Mysore  mine  suffered  the 
'^^ost,  with  Champion  Reef  a  good  second. 

In  those  days  little  was  known  as  to  the  cause  or  origin  of  rock- 
'^^rsts.  It  was,  however,  accepted  that  the  quartz  veins  followed 
^^«^  foliation  of  the  schist  beds  and  that  folding  occurred  as  the 
^**Bult  of  enormous  lateral  pressure  acting  on  the  schist  beds  subse- 
Jl^ent  to  the  formation  of  the  veins.  The  worst  zone  for  rock- 
^^^rsts  was  undoubtedly  at  a  depth  of  around  2,500  ft.  In  those 
J^^^'s  the  bottom  of  Champion  Reef  mine  was  the  46th  station  at 
^  ^rmichael's  incline  shaft,  at  a  vertical  depth  of  4,100  ft.  or  4,600 
'^^  the  incline.  The  portion  of  Tennant's  vertical  shaft  between 
'h^  17th  and  20th  levels,  where  it  cut  the  reef,  required  constant 
^^tention  and  heavy  expenditure  in  replacing  and  realigning  the 
^*rnbers  and  guide  rails.  The  travelling  roads  were  examined 
^^^oughout  daily.  Below  the  17th  level  the  ground  was  taken 
^*vit  all  round  the  shaft,  and  timbers  2-3  ft.  in  diameter  were  put  in 
'^^^  as  to  form  sets  (24  ft.  by  18  ft.  inside  measurement)  6  ft.  apart 
^^vitside  the  shaft.  These  sets  were  continued  down  to  lYv^  ^^V)a. 
^^vel.    An  enormous  amount  of  timber  was  used  \u  tW.  Tmwi\  ^.tv^ 
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the  cost  was  very  heavy,  but  with  the  constant  rockbursts  that 
occurred  no  economy  was  tolerated. 

Timbering  of  levels  was  by  heavy  single  stulls  7  ft.  6  in.  high 
in  the  '  head  '.  Headboards  6  in.  thick  were  used  and,  in  cases 
where  the  ground  was  very  heavy  or  the  foot  crushed,  6-in.  foot- 
boards were  used  as  well.  As  the  pressure  came  on,  the  stulls  were 
frequently  pushed  clean  through  the  headboards — like  a  pencil 
into  butter.  This  often  happened  in  a  remarkably  short' space  of 
time.  The  ground  round  the  headboard  was  sometimes  taken 
out,  the  stull  slung  up,  headboard  removed  and  a  new  one  put  in. 
This  saved  the  timber — almost  doubling  its  life — and  was  an 
economy  with  large  and  expensive  timbers. 

Development  was  kept  well  ahead  of  stoping  operations.  The 
roof  of  a  level  (or  cross-cut)  driven  in  virgin  ground — say  500  to 
800  ft.  below  the  nearest  stope — usually  arched  itself  within  a 
few  days  or  weeks.  During  the  driving  the  reef  was  constantly 
crackling  and  the  quartz  would  splinter  and  fly.  Pieces  of  quartz 
up  to  the  size  of  an  oyster  shell  would  *  fly  '  with  sufficient  force 
to  cut  a  man's  arm,  clothing,  etc. 

On  one  occasion  a  rockburst  occurred  in  the  sink  of  Carmichaers 
inclined  shaft  about  50  ft.  below  the  46th  station,  which  resulted 
in  serious  lo^iS  of  life.  Writing  from  memory,  this  was  nearly 
1,000  ft.  below  the  nearest  stope  and  200  ft.  from  the  reef  in  solid 
country  rock.  Although  the  shaft  sets  were  close  down  to  the 
sink  and  the  hanging- wall  carefully  lagged,  the  foot- wall  blew  out. 
Personally,  I  could  never  really  understand  this  and  no  satisfactory 
explanation  was  forthcoming.  One  would  naturally  appreciate  a 
•  fall '  or  *  burst  '  from  the  hanging.  However,  Mr.  Spalding,  in 
replying  to  this  point  which  was  raised  in  the  discussion,  stated 
that  he  would  expect  the  ring  stress  to  be  the  same  on  both  foot- 
and  hanging- walls.  In  my  opinion  this  show^s  the  great  value  of 
the  paper  and  proves  the  author's  contention  that  the  more  this 
complex  subject  of  *  ground  control  '  is  discussed  and  ventilated 
the  more  chance  there  is  of  learning  something  about  it. 

Mr.  C.  A.  U.  Craven :  Mr.  David  T.  Griggs*  has  for  some 
years  carried  out  controlled  experiments  on  the  physical  behaviour 
of  rocks  in  relation  to  the  following  characteristics  :  (1)  Confining 
pressure :  (2)  shear  stress  :  (3)  temperature ;  (4)  time ;  and 
(5)  the  presence  of  solutions.  His  work  is  in  the  forefront  of 
research  in  this  field,  which  yields  the  fuudanuMital  empirical  data 
forming  the  background  for  considering  such  practical  problems  as 
rockbursts.  He  sheds  considerable  light  on  whether  rocks  under 
stress  behave  as  elastic  or  plastic  materials. 

In  his  experiments  he  puts  a  cylinder  of  the  rock  to  be  tested 
under  directed  stress  between  the  two  flat  surfaces  and  a  hydro- 

*(}kiggs,  David  T.  (1)  Dofonnation  of  rocks  under  high  confiniiig 
j)re88ure8.     J.  GcoL,  Vol.  44,  No.  5,  July- August,  1936,  pp.  541-77. 

(2)  Experimontnl  flow  of  rocks  under  conditions 
favoring  recrystnllization.  BuU.  Oeol.  Soc.  Amcr.,  Vol.  51,  1940,  pp. 
JOOl-1022, 
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static  or  confining  stress  on  the  curved  surface  of  the  cylinder. 
In  (1)  he  writes :   *  The  curves  at  low  confining  pressure  (1,  2,000 
and  4,000  atmospheres)  are  characteristic  of  brittle  materials  which 
break  before  entering  the  region  of  plastic  deformation  ;   in  other 
words,   without    deviation   from   pure   elasticity.     However,    the 
curves  at  high  pressures  (8,000  and  10,000  atmospheres)  are  charac- 
teristic of  ductile  materials  which  have  a  **  yield  point ''  on  entering 
the  region  of  plastic  deformation,  and  show  a  **  work  hardening '' 
or  increase  of  strength  before  rupture  takes  place  '. 

In  the  same  paper  he  writes  :  *  If  plastic  deformation  occurs 
continuously  and  at  a  rate  which  does  not  approach  zero  at  infinite 
time,  sooner  or  later  the  specimen  will  fail,  no  matter  how  slow 
that  plastic  flow  is.  Hence,  at  the  value  of  strength  which  holds 
for  infinite  time,  there  must  be  no  finite  conthmous  plastic  deforma- 
tion. Also,  no  sudden  application  of  high  stress  is  necessary  to 
produce  fracture  '. 

These  quotations  are  given  here  to  show  the  applicatiim  of 
Griggs's  work  to  the  problem  under  consideration,  and  the  reader 
lA  referred  to  the  original  papers  and  to  another*,  which  contain 
much  other  information  which  is  also  of  value. 

•GoBANSON,  Rov  \V.  *  Flow  '  in  stressed  roIhIh  :  an  interjirotation. 
Bull,  Gcol.  Soc.  Amer.,  Vol.  51,  pp.  1023-1034,  1940. 
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May  1949 


NOTICE  OF  ANNUAL   GENERAL   MEETING 

The  Annual  General  Meeting  of  the  Institution  of  Mining  euid  Metallurgy 
will  be  held,  by  kind  permission,  in  the  Apartments  of  the  Geological 
Society,  Burlington  House,  Piccadilly,  London,  W.  1,  on  Thursday, 
19th  May,  194$,  at  4  o*clock  p.m. 

AGENDA 
Part  I  at  4  p.m.  {open  to  Members,  AaaocicUe  Members,  and  Students  only)  : 

(1)  Minutes  of  the  previous  Annual  General  Meeting. 

(2)  Appointment  of  Scrutineers  to  examine  Balloting  Lists. 

(3)  Announcement  regarding  Benevolent  Fund. 

(4)  Report  of  Council  and  Accounts  for  1948  (see  pp.  1-13  of  this  BuJUtin), 

(5)  Appointment  of  Auditors. 

(6)  Votes  of  thanks. 

(Tea  and  light  refreshments  will  be  provided  at  4.30  p.m.  for  members 
and  visitors.) 

Part  II  at  5.15  p.m.  {open  to  members  and  visitors)  : 

(7)  Presentation  of  Awards  : 

(a)  Certificates  of  Honorary  Membership. 

(6)  *The   Consolidated   Gold   Fields   of  South   Africa,    Limited' 
Premium  of  Forty  Guineas. 

(8)  Induction  of  Mr.  W.  A.  C.  Newman,  o.b.e.,  a.r.c.s.,  a.r.8.m.,  d.i.c, 

B.sc,  as  President. 

(9)  Presidential.  Address. 

( 10)  Report  of  Scrutineers  on  election  of  Members  of  Council. 
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The  Sir  Julius  Wemher  Memorial 
Lecture 

The  Council  have  plea6iu*e  in 
announcing  that  Dr.  C.  H.  Dcsch, 
F.R.S.,  has  accepted  an  invit-ation 
to  deliver  the  second  Sir  Julius 
Wemher  Memorial  Lecture  of  the 
Institution.  Dr.  Desch  has  t-aken  as 
his  subject  '  The  effect  of  imj)uritie8 
on  the  properties  of  metals  *,  and 
the  lectiu*e  will  be  delivered  at  the 
Royal  Institution,  21,  Albemarh* 
Street,  London,  W.l,  on  Wedn(«(lay, 
6th  July,  1949,  at  5  p.m.  AdiniBsion 
will  be  free,  without  ticket,  and 
visitors  will  be  welcomed. 

Additional  General  Meeting 

The  Eighth  Ordinary  Gonoral 
Meeting  of  the  current  Session  will 
be  lield  at  the  Geological  Society, 
Burlington  House,  W.  1,  on  Thurs- 
day, ICitli  Jime,  1949,  at  5  p.m. 
The  Kiibjct't  for  discussion  will  be 
the  practical  ])()st -graduate  training 
of  nuning  engineers,  on  which  a 
short  paper  will  be  submitted  by 
Professor  J.  A.  S.  Ritson,'  Member. 


The    Refining    of    Non-ferrous 
Metals 

The  Council  extend  an  invitation 
to  members  and  vi.sitors  to  attend 
the  Symposium  on  the  Refining  of 
Non -ferrous  Metals,  to  be  held  on 
Thursday  and  Friday,  7th  and  8th 
July,  1949,  from  10  a.m.  to  5  p.m. 
on  each  day,  at  the  Royal  Institu- 
tion of  Chartered  Surx'cyors,  14, 
Great  George  Street,  Westminster, 
S.W.  1. 

A  limited  niunber  of  preprints  of 
the  19  papers  prepared  for  the 
SjTTiposiuin  will  be  available  for 
those  who  wish  to  attend  the  meet- 
ings, and  a  volume  of  Proceedings 
containing  the  papers  and  a  report 
of  the  discussion  will  bo  published 
after  the  Symposiinn  has  taken 
place.  One  set  of  preprints  and  one 
copy  of  the  Proceedings  will  be  avail- 
able free  of  embargo  to  members  of 
the  Institution  who  ask  for  them  in 
advance.  The  price  of  preprints  to 
non-niembcrs,  and  to  members  who 
HHiuire  additional  coj)ies,  will  be  £1 
per  set  or  Is.  6d.  per  separate*  paper. 
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There  will  be  a  corresponding 
reduction  of  £1  in  the  price  of  the 
volume  of  Proceedings  (for  which 
the  charge  will  not  exceed  £2  per 
copy)  in  the  case  of  those  who  have 
purchased  a  set  of  preprints. 

The  Symposium  will  most  pro- 
bably be  divided  into  eight  sessions, 
tvro  in  the  morning  and  two  in  the 
afternoon  of  ecwjh  day.  A  pro- 
gramme will  be  published  as  soon 
as  possible. 

An  order  form  for  tickets  of 
admission,  for  which  there  is  no 
charge,  and  for  preprints  of  the 
papers  has  been  circulated  to 
members,  and  further  copies  are 
obtainable  from  the  Secretary. 

Election  of  Members  of  Council 
for  the  Session  1950-51 

As  announced  in  a  notice  sent  to 
all  members  of  the  Institution  last 
month,  the  new  Bye-laws  governing 
the  constitution  of  the  Council  and 
its  mode  of  election  will  affect 
nominations  for  the  election  of 
Council  for  the  session  1950-51. 
Nominations  for  the  election  of 
Ordinary  Members  of  Council  [see 
Byo-law  27  (iv)]  and  Overseas 
Members  of  Council  [see  Bye-law 
28  (iii)]  should  be  sent  to  the  Secre- 
tary of  the  Institution  to  reach  him 
not  later  than  1st  November,  1949. 

Capper  Pass  Awards 

The  generous  offer  made  by 
Messrs.  Capper  Pass  and  Son,  Ltd., 
of  £200  per  annum  for  seven  years, 
available  for  awards  to  authors  of 
papers  on  non-ferrous  extraction 
metallurgy  published  in  the  Bulletin 
of  this  Institution  and  the  Journal  of 
the  Institute  of  Metals,  has  been 
mfiide  known  to  members  through 
these  columns.  The  awards  for 
papers  published  during  1948  have 
now  been  announced  by  the  Adjucii- 
cating  Committee  sot  up  by  the  two 
institutions.     They  are  as  follows  : 

For  papers  on  some  aftpect  of  Son- 
ferrous  Extraction  Metallurgy— - 

An  Award  of  Fifty  Poimds  to 
H.  R.  Potts  for  his  pap<»r  '  Further 
not<»s  on  converter  practice  at  Rio 
Tinto  '  (published  in  the  Bulletin 
for  March,  1948)  ;  and 

An  Award  of  Fifty  Pounds  jointly 
to  R.  C.  Trumbull,  \V.  Hardiek.  and 
E.  G.  Lawford  for  their  paper  '  Notes 


on  the  treatment  of  pyritea  cinders 
at  the  plant  of  the  Pyrites  Co.,  Inc., 
Wilmington,  Delaware '  (published 
in  the  Bulletin  for  December,  1948). 

For  papers  relating  to  some  process  or 

plant   used   in    the    Extraction    or 

FabriccUion  of  Non-ferrous  Metals — 

An  Award  of  Fifty  Pounds  jointly 

to    C.    Blazey,    L.    Broad,    W.    S. 

Gummer,  and  D.  P.  Thompson  for 

their  paper  *  The  flow  of  metal  in 

the   tube   extrusion  '    (published   in 

the  Journal  of  the  Institute  of  Metcds 

for  December,  1948). 

Exhibition      of      Underground 
Machinery 

The  Council  of  Underground 
Machinery  Manufacturers  is  holding 
an  exhibition  at  Earls  Court,  London, 
from  7th  to  16th  July  from  10  a.m. 
to  6  p.m.  (Thursday,  8  p.m.).  The 
comprehensive  collection  of  under- 
ground equipment  to  be  on  view 
includes  coal  cutters,  conveyors, 
power  loaders,  electric  and  com- 
pressed-air drilling  machines,  pneu- 
matic picks,  electric  equipment  and 
a  variety  of  accessories,  and  a 
programme  of  films  to  be  shown 
during  the  exhibition  has  been 
arranged  for  the  benefit  of  visitors. 
Complimentary  tickets  of  admission 
may  be  obtained  from  the  organizers 
of  Ihe  exhibition,  The  Engineering 
Centre,  Ltd.,  351,  Sauchiehall  Street, 
Glasgow,  C.  3,  or  from  the  Council 
of  Underground  Machinery  Manu- 
facturers, 301,  Glossop  Road,  Shef- 
field. 10. 

The  afternoon  of  Monday,  11th 
July,  and  the  two  Saturdays,  9th 
and  16th  July,  have  been  set  aside 
for  visits  of  delegates  of  the  Fourth 
P^mpire  Mining  and  Metallurgical 
Congress  and  persoiuiel  of  the 
National  Coal  Board,  but  other 
visitors  are  welcome  at  any  other 
time. 

April  General  Meeting 

Some  55  members  an<l  visitors 
attended  the  Seventh  Ordinarv 
General  Meeting  of  the  Institution 
held  at  Burlington  House  on  2l8t 
April.  The  first  part  of  the  Meeting 
was  devoted  to  a  resumed  discussion 
on  Dr.  Bnickshaw's  paper  on  *  Geo- 
physicrs  and  economic  geology  '. 

Mr.  E.  G.  Lawford  then  intro- 
duced the  paper  by  Mr.  H.  R.  Potts 
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and  himself  entitled  '  Recovery  of 
sulphur  from  smelter  gases  by  the 
Orkla  process  at  Rio  Tinto  \  and  a 
full  discussion  followed. 

A  report  of  the  Meeting  will  be 
published  in  the  June  issue  of  the 
Bulletin. 


Candidates  for  Admission 

The  Council  wdcvme  communieation*  to  assist 
them  in  deriding  xrhether  tiw  quaiificeUions  of 
candidatfs  for  admission  itdo  tht  Institution  fulfil 
the  requirements  of  the  Bye-lavs.  The  appli- 
caiion  forms  of  candidates  {ptlier  than  those  for 
Studentship)  will  be  open  for  inspection  at  the 
office  of  the  Institution  for  a  period  of  at  least  tvo 
tnont/is  from  the  date  of  the  Bulk'tio  in  ichich  their 
applications  are  announced. 

The   following   have    applied   for 
transfer  since  14th  April,  1949  : 

To  Membership — 

William     James     Bichan     {Kegina, 

Saskatch  euxin)» 
William  David  Evans  {NoUingfiatn). 
Henry    Nisbet   Lightbody   {QueQue, 

Southern  Rhodesia). 
Charles     Harold     William     Martyn 

{London). 

The    following   have   applied   for 
admission  since  14th  April,  1949  : 

To  Membership — 

Donald       McDonald       {Beckenham, 

Kent). 

To  Associate  Membership — 

John  William  iVIelville  Bellasis  {Btda- 
wayOy  Southern  Rhodesia). 

Letneo  Gordon  Earle  {Bristol^  Glou- 
cestershire). 

John  Raymond  Fletcher  {Selangor, 
Malaya). 

Daniel  Aloysius  Harkin  {Dodoma, 
Tanganyika). 

Kenneth  Charles  Bramah  Morrison 
{Tarkwa,  Gold  Coast  Colony). 

George  Edward  Cunynghamo 
Robertson  {Kisumti^  Kenya). 

Stnian  James  Cunynghame  Robert- 
son {KisutnUy  Kenya). 

Desborough  William  Saunders 
( Wadebridge,  Cornwall). 

To  Studentship — 

Robert   Rennie   Bell   {Johannesburg, 

Trayisvaal). 
Keiuieth  Wright  Jackson  {Gateshead, 

Co.  Durham). 
Alan  Smeo  {Barrowjord,  Lancashire). 
Charles   Campbell   White   {Dunedin, 

New  Zealand). 


Transfers  and  Elections 

The  following  were  transferred 
(subject  to  confirmation  in  accord- 
euice  with  the  conditions  of  the 
Bye-laws)  on  13th  April,  1949  : 

To  Membership — 

Johnstone,  Peter  Macpherson  (Tot- 
ping,  Malaya). 

To  Associate  Membership — 

Black,      Robert     Alastair     Lucien 

{Johannesburg,  Tranavcutl). 
Bowley,  Malcolm  Anthony  {Bukuru, 

Northern  Nigeria), 
Collins,  Kenneth  Michell  (Dunnoiietr, 

Transvaal). 
Dell,  Christopher  Ceunbridge  {Muju' 

lira.  Northern  Rhodesia), 
Kelly,     Alan     {Mufulira,     Northern 

Rhodesia). 
Parker,  Henry  Campbell  {Singapore, 

Malaya). 
Patsalos,  Themistoklis  Michael  WcJ- 

demar  {Nicosia,  Cyprus). 
Rees,  John  David  {Holywell,  FlinU 

shire). 

The  following  were  elected  (subject 
to  confirmation  in  accordance  with 
the  conditions  of  the  Bye-laws)  on 
13th  April,  1949  : 

To  Membership — 

Drouhin,  Georges  {Algiers,  Algeria). 

To  Associate  Membership — 

Allen,  Anthony  William  {PiUington, 

Co.  Durham). 
Butcher,   Rodney  Wesley   {Guxinda, 

Soutliem  Rhodesia). 
Caddy,     John     Broominge     {Klian 

Intan,  Malaya). 
Hooper,      James      Benjamin      {Jos, 

Northern  Nigeria). 
Hooper,    William    Tregoning    Blake 

(67.  Agnes,  Cornwall). 
Howard,  Thomas    George  {Bromley, 

Kent). 
White,  Donald  Campbell  {Champion 

Reefs,  South  India). 

To  Studentship — 

Allen,  Kenneth  Laidlaw  {Camborne, 
Cornwall). 

Dunstan,  Harry  Ivor  {Camborne, 
Cornwall). 

Hanvey,  Alexander  Richard  {Bel- 
fast, Northern  Ireland). 

McAdam,  Reginald  CulverwoU  {Cam- 
borne, Cornwall). 

McKinlay,  Alexander  Cameron  Mac- 
Lean  {Dodoma,  Tanganyika  Terri- 
tory). 
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Marshall,   Colin   MoKechnie   {Dune- 
din,  New  Zealand), 

Oliver,  Vincent  Hugh  Robert  {Mufu- 
lira.  Northern  Rhodesia). 

Slaney,  John  Samuel  {IJondon). 
Wall,  James  Brian  {Cambomef  Com- 
waU). 

News  of  Members 

Members,  Associate  Members  and  Students  are 
inriied  to  supply  the  Secretary  trith  personal  news 
for  publication  under  this  heading. 

Mr.  C.  AsHBXTRNER,  Associote 
Af ember,  has  been  appointed  mill 
and  cyanide  works  superintendent 
at  South  and  Central  African  Gold 
Mines,  Ltd.,  Tanganyika  Territory. 

Professor  Leigh  W.  Bladon, 
Associate  Member,  is  resigning  his 
Chair  at  McGill  University  and  has 
started  private  practice  as  a  con- 
sulting engineer  in  Montreal. 

Mr.  C.  M.  G.  Bolton,  Associate 
jM ember,  has  taken  up  the  appoint- 
ment in  Gold  Coast  Colony  of 
jgeologist  to  the  West  African  Gold 
Corporation,  Lt<l. 

Mr.  C.  B.  Curtis,  Student,  has 
returned  to  England  from  Ariston 
Gold  Mines  (1929),  Ltd. 

Mr.  H.  C.  CuRWEN,  Associate 
Member,  is  returning  to  England 
from  West  Africa. 

Mr.  Gordon  S.  Duncan,  Member, 
is  at  present  on  a  professional  visit 
to  the  U.S.A. 

Mr.  R.  L.  Harvey,  Associate 
lidember,  expects  to  leave  Australia 
on  a  visit  to  England  this  year. 

Mr.  E.  H.  Jaques,  Associate 
Member,  is  leaving  Nigeria  early  this 
month  for  fm-lough  in  England. 

Mr.  L.  M.  McKee,  Student,  has 
taken  up  an  appointment  in  Kam- 
par,  Malaya,  with  Southern  Kinta 
Consolidated,  Ltd. 

Mr.  G.  J.  Mortimer,  Student,  wtis 
transferred  in  February  from  Vogel- 
struisbult  Gold  Mining  Areas,  Ltd., 
to  Simmer  and  Jack  Mines,  Ltd.,  as 
acting  mine  captain. 


Mr.  J.  H.  PoLOLASE,  Associate 
Member,  is  retimiing  on  leave  to 
the  United  Kingdom  from  Malaya. 

Mr.  R.  C.  PuixiNGER,  Student,  has 
been  appointed  chief  surveyor  to 
Frontino  Grold  Mines,  Ltd.,  Colombia. 

Mr.  T.  A.  A.  QuARM,  Student,  has 
left  Englemd  on  his  appointment  to 
Cerro  de  Pasco  Copper  Corporation, 
Lima,  Peru. 

Mr.  D.  Renouf,  Member,  is  now 
in  Jos,  Northern  Nigeria. 

Mr.  W.  E.  Sinclair,  Associate 
Member,  continues  to  hold  the 
position  of  general  manager  of  Cape 
Blue  Mines  (Pty.),  Ltd.,  the  new 
name  for  the  Cape  Asbestos  Co., 
Ltd. 

Mr.  James  RusselIj,  Associate 
Member,  has  returned  to  Sierra 
Leone  from  England. 

Mr.  S.  D.  Skelchy,  Student,  is 
now  in  British  Guiana,  having  taken 
up  an  appointment  with  Tikwah 
Gold  Development*,  Ltd. 

Mr.  Jack  Spalding,  Member,  is 
leaving  for  Dar-es-Salaam  to  take 
up  the  post  of  mining  consultant  to 
the  Tanganyika  Government. 

Mr.  T.  B.  Stevens,  Member,  has 
retired  from  the  position  of  con- 
sulting metallurgist  to  New  Consoli- 
dated Gold  Fields,  Ltd. 

Mr.  C.  W.  Walker,  Associate 
Member,  has  left  Sierra  Leone  for 
leave  in  EngUmd. 

Mr.  W.  H.  C.  Wright,  Associate 
Member,  has  returned  to  England 
from  the  Gold  Cocist. 

Mr.  K.  P.  Wright,  Student,  took 
up  an  appointment  in  February 
with  New  Consolidated  Gold  Fields, 
Ltd.,  at  Robinson  Deep.  Ltd., 
Johannesburg. 


Addresses  Wanted 
A.  Armstrong. 

D.  S.  Broadhurst. 
J.  A.  Cocking. 

E.  Dickson. 
K.  A.  Knight 

Hallowes. 


R.  B.  Hicks. 
G.  H.  Pinfield. 
A.  I.  Scott. 
A.  SlOvSs. 
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Frank  Arthur  Blakeslee  died  on  25th  December,  1948,  in  Du  Quoin, 
IllinoLB,  U.S.A.,  at  the  age  of  84.  He  w€w  born  in  Du  Quoin,  and  from 
1881  to  1885  learned  the  machinist's  trade  in  his  father's  shop  in  that  town. 

Mr.  Blakeslee  was  subsequently  connected  with  construction  work  at  a 
number  of  metal  mines  in  Nevada,  Colorado,  Arizona  and  UtaK,  axvd  Ssx 
1898  he  became  mill  superintendent  at  the  Great  Bou\doT  l?v?T«ev«tw\e.e> 
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gold  mine  at  Kalgoorlie,  Western  Australia*  where  he  served  for  six  years. 
He  was  later  connected  with  the  American  Smelting  and  Refining  Ck>nipany, 
as  master  mechanic,  both  in  the  U.S.A.  and  Mexico. 

After  working  for  a  number  of  years  as  chief  engineer  to  Ashanti 
Goldfields  in  Gold  Coast  Colony,  Mr.  Blakesleo  came  to  EIngland  on  his 
appointment  as  superintendent  of  Fraser  and  Chalmers  Engineering  Co., 
Ltd.,  Erith,  returning  to  the  U.S.A.  in  1917.  He  lived  in  Vallejo,  California, 
and  for  some  years  was  employed  by  the  U.S.  Navy  at  the  Mare  Island 
Yard  on  the  construction  of  submarines.  He  retired  in  1934,  Uving  at 
his  California  home  until  1947  when  he  removed  to  Marion,  lUinois. 

Mr.  Blakeslee  was  elected  to  Membership  of  the  Institution  in  1904. 

David  Ginnatnon  died  in  Southern  Rhodesia  on  12th  January,  1949,  at 
the  age  of  60.  Practically  the  whole  of  his  career  was  spent  in  that  country. 
He  begem  as  a  learner  at  Pcnhalonga  and  Rezende  mines,  rising  during  the 
ten  yc€u:«  1910-1920  to  overseer  and  contractor.  In  1922  he  was  engaged 
on  contracting  work  on  the  Trans-Zambesi  railway  construction.  He 
began  his  long  association  with  London  and  Rhodesian  Mining  and  Land 
Co.,  Ltd.,  in  1922,  first  as  shift  boss  to  the  Sabiwa  mine,  and  after  18 
months  took  full  charge  of  the  Sultan  mine.  He  transferred  in  1925  to 
the  position  of  shift  boss  of  the  Cam  and  Motor  mine,  and  two  years  later 
worked  on  the  Fred  mine.  In  November,  1927,  he  was  made  mine  captain 
of  Rezende  mine,  and  hold  this  position  for  ten  years.  He  then  took  up 
the  ap]x>intment  of  manager  of  the  Beatrice  Gold  Mining  Co.,  Ltd.,  but 
owing  to  ill  health  left  in  1939  to  take  over  King's  Daughter  claims  at 
Penhalonga,  tributed  from  Rezende  Mines,  Ltd.,  on  which  ho  worked  until 
his  death.   From  1 939  to  1 940  he  was  consulting  engineer  for  Day  Dawn  mine. 

Mr.  Cinnamon  was  elected  to  Associateship  of  the  Institution  in  1940. 

Robert  Henry  Jeffrey  died  in  Mexico  on  31st  January,  1949,  at  the 
age  of  76.  In  1895  ho  took  up  the  appointment  of  assistant  general 
manager  of  the  Amiinius  pyrites  mine  in  Louisti  Co.,  Virginia,  and  also 
held  tlio  position  until  1897  of  general  manager  of  the  Blue  Ridge  Gold 
Mines,  Ltd.  For  the  next  two  years  he  was  assistant  to  the  general 
manager  of  Pinos  Altos  mines  at  Chihuahua,  Mexico,  and  in  1900  was 
general  manager  of  Milan  copper  mines  in  Now  Hampshire,  U.S.A.  He 
was  employed  by  the  Globe  Minerals  Exploration  Co.  from  1901  to  1902 
as  general  manager  of  copper  mines  in  Arizona,  and  was  general  memager 
from  1902  to  1904  of  Santa  Gertnidis  Mines,  Ltd.,  at  Oaxaca,  Mexico. 

Mr.  Jeffrey  spent  the  rest  of  his  life  in  Mexico  :  from  1909  he  was  general 
manager  of  Avino  Mines  of  Mexico,  Ltd.,  and  during  the  period  1914-1916 
did  cr)nsulting  work.  He  joined  Maza])il  Copper  Co.,  Ltd.,  in  1916  and 
was  connect^^d  with  that  c()mf)any  until  1939  as  manager  and  managing 
director.  From  1917  to  1930  he  held  the  position  of  British  Vice-Consul 
at  Saltillo,  and  in  1918  was  acting  Americran  Consul.  For  two  years  from 
1925  to  1927  he  held  a  directorship  of  the  l^ank  of  Mexico. 

Mr.  Joffn^y  was  (fleeted  to  Membership  of  the  Institution  in  1904. 

Cecil  Pearse  died  at  the  age  of  74  on  29tli  Jimc.  1948,  after  suffering 
for  over  a  year  with  a  strained  heart.  He  was  surveying  in  Devonshire 
and  Cornwall  from  1893  to  1895,  in  which  year  ho  entered  the  Camborne 
School  of  Mines.  In  1897  ho  wont  to  Malaya  as  Inspector  of  Mines,  Perak, 
and  in  1901  was  appointed  Warden  of  Mines.  He  rosigned  fn)m  Govern- 
ment 8or\'irc  in  November,  1902,  and  went  into  partnership  with  Mr.  H.  F. 
R\ittor  under  the  style  of  Rutter  and  Pearse.  mining  engineers,  at  Ipoh, 
Perak.  In  1903  the  firm  was  ap];)ointed  to  manage  the  Tambrin  tin  mine 
and  latter  Rahman  Hydraulic  Tin,  Ltd.  Owing  to  amalgamations  the 
title?  of  the  finu  was  changed  in  1917  to  Aylesbury  and  Rutter.  Mr. 
Poarse  was  chainnan  of  the  finn  from  1920  to  1928,  and  during  the  last 
four  years  of  this  period  he  took  over  on  his  own  (w^count  all  the  mining 
activities  of  the  firm.  He  loft  Malaya  hi  1928  and  during  the  next  two 
years  was  prospect  mg  and  rt^porting  in   Cornwall   for  the   Siamese  Tin 
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Syndicate,  Ltd.  Ho  went  to  Spain  in  1934  for  Lumbrales  Mining  and 
Power  Co.,  Ltd.,  and  in  1936  visited  Malaya  as  consultant  to  Slim 
Concessions,  Ltd.,  cuid  Malayeui  Tin  Dredging,  Ltd.,  making  another  visit 
in  1938  for  the  same  companies  and  for  Kramat  Pulai,  Ltd. 

Mr.  Pearse  retired  from  professional  work  in  1938.  He  was  elected  a 
Member  of  the  Institution  in  1912. 

William  George  Wagner  died  in  London,  on  19th  March,  1949,  at  the 
age  of  75.  He  was  e<lucated  privately  in  London  and  in  Germeuiy,  and 
in  1891  was  aTticle<l  for  three  years  to  Mr.  H.  W.  Wallis,  consulting  chemist 
and  assayer,  and  attended  courses  of  lectures  at  University  College, 
London.  In  1894  he  was  appointed  assistant  to  Mr.  Alfred  H.  Allen, 
and  two  years  later  to  Mr.  R.  Waterhouse,  as  chemist  and  assayer.  From 
1897  to  1898  he  held  the  appointment  of  metallurgical  chemist  and  assayer 
to  Sulphides  Reduction  Syndicate,  Ltd.,  Llanelly,  and  in  1899  and  1900 
was  chief  metallurgical  chemist  to  British  Sidphides  Reduction  Co.,  Ltd., 
at  Angoulerne,  Fran(;e.  For  eight  years,  from  1901  to  1909,  Mr.  Wagner 
was  connected  in  technical  and  manageri€il  capacities  with  two  chemical 
manufacturing  companies,  and  from  1901  until  his  death  worked  privately 
and  with  Mr.  G.  T.  HoUoway  (later  Messrs.  G.  T.  HoUoway  &  Co.,  Ltd.) 
in  Loudon.  He  first  did  research  work  and  reporting  on  mc^tallurgical 
processes,  and  in  1910  was  made  a  member  of  the  finn. 

Mr.  Wagner  was  elected  to  Membership  of  the  Institution  in  1914  and 
«<^rve(l  for  18  years  on  the  Council,  from  1930  to  1948,  holding  the  office 
of  Vice-President  for  the  three  Sessions  1933-36. 

Dr.  S.  W.  Smith  ^Tites  :  Many  of  our  membei-s  and  others  intimately 
Hssoi^iated  with  the  metallurgical  profession,  both  here  in  London  and  in 
many  parts  of  the  world,  will  leani  with  deep  regret  of  the  death  of  Mr. 
Wagner.  Those  of  us  who  have  served  with  him  on  the  Council  for  many 
yi^ars  have  lost  a  valued  friend  whose  ever  cheerful  j)re8ence,  in  spite  of  a 
physical  handicap,  has  been  an  inspiring  example  to  us  all. 

His  wide  knowledge  and  exi>erionce,  both  of  men  and  of  affairs,  in  relation 
to  those  matters  which  are  tho  chief  coiiccm  of  the  Institution  have  always 
been  readily  available  to  those  with  whom  he  has  shared  in  tho  guidance 
of  the  Institution's  various  activities.  As  Chairman  of  the  Publications 
Committee  during  the  dilTicult  period  from  1912  until  1947  this  knowledge 
and  cxpcrien(re  has  bt^'n  invaluable  in  the  adjudication  of  contributions 
submitted  for  publiration.  His  acc|uaintanec  with  collateral  matters  has 
often  revealed  unexpected  depths. 

Mr.  Wagner's  professional  work  as  a  consultant,  ext<?nding  over  ."iO  years, 
covered  a  perioci  when  advances  in  the  metallurgical  treatment  of  mined 
products  wert*  undergoing  rapid  and  fundamental  changers  and  expansions 
in  all  directions,  particularly,  perhaps,  in  rcganl  to  the  adaptation  of 
flotation  methods  to  processes  of  concentration.  With  these  develop- 
ments he  had  been  in  close  and  constant  touch  throughout,  both  before 
and  after  he  became  iissociated  with  another  esteemed  ineni})er  uf  our 
Institution,  the  late  Mr.  G.  T.  HoUoway,  in  1910. 

In  directing  the  activities  of  the  firm  bearing  that  honoured  name,  he 
may  be  said  to  have  represent(?d  one  of  the  few  remaining  of  those  con- 
sultants on  matters  of  mctallurgi<*al  tnnatment  and  valuation  hen*  in 
London,  from  whom  guidance  and  assistance  wa,s  sought  in  a  particularly 
intimate?  and  personal  capacity. 

Former  and  present  Members  of  Council  will  renuMnber  with  gratitude 
hisimceasing  interest  and  help  in  organizing  those  social  gatherings,  under 
the  auspices  of  th(^  Council  Club,  which  have  c^cjne  so  much  to  afford 
opportunities  of  meeting  and  welcoming  members  and  visitors  from 
t)vers(5as. 

Walter  George  Woolston  died  on  12th  February,  1949,  at  Bognor 
Regis,  Sussex,  at  the  age  of  72.  He  received  his  t-e<'hnical  training  at  the 
Penzance  School  of  Mines,  Cornwall,  and  the  first  25  years  of  his  career 
were  practically  all  spent  in  India.     In  1902  he  we«  appointed  TodwvWow 
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officer  to  the  Richmond  Qold  Mining  Syndicate,  Ltd.,  at  Pandalur,  South 
India,  and  in  1904  joined  Mysore  West  and  Mysore  Wynaad  Gold  Mining 
Companies,  Ltd.,  at  Oorgaum,  where  he  held  the  positions  of  awrintant 
reduction  officer,  surveyor,  and  finally  chief  of  the  prospecting  departm^it. 
He  was  in  charge  of  prospecting  and  mining  operations  from  1908  to  1911 
in  the  Shimoga  and  Kadiur  Districts,  and  in  1912  was  made  superintendent 
of  the  Kadur  Shimoga  Oold  Fields  Sjmdicate,  Ltd.,  at  Tcuikere,  South 
Lidia.  From  1913  to  1916  he  was  personal  assistant  to  the  general 
manager  of  Eastern  Development  Corporation,  Ltd.  After  six  monUis 
spent  in  testing  ancient  copper  workings  for  the  Ooregum  Gold  Mining 
Co.  of  India,  Ltd.,  his  services  were  lent  by  that  company  to  Messrs.  Bum 
&  Co.  and  during  the  period  1916-1919  he  was  engaged  as  superintendent 
of  copper  mining  in  Sikkim,  North  India.  He  remained  in  North  India 
for  the  next  five  years  as  superintendent  of  the  Sideshur  and  Kharsawan 
mines. 

After  leave  in  England,  Mr.  Woolston  went  to  West  Africa  in  1926,  and 
reported  on  properties  in  the  Akim  District  for  Effuenta  Mines,  Ltd.,  and 
Fanti  Mines,  Ltd.,  and  was  subsequently  assistant  to  the  general  manager 
of  Abbontiakoon  Mines,  Ltd.,  for  a  few  months.  From  1928  to  1929  he 
acquired  bauxite  concessions  euid  did  prospecting  work  on  the  GU>ld  Coast 
for  Fanti  Consolidated  Investment  Co.,  Ltd.,  and  then  reported  on 
properties  in  Tanganyika  for  that  company,  for  whom  he  also  took  charge 
of  a  concessions  survey  on  the  Gold  Coast  from  1930  to  1932  and  later  did 
reporting  work  in  1933  and  1934.  He  was  employed  by  Anglo-Continental 
Mines,  Ltd.,  and  East  Africa  Mining  Areas,  Ltd.,  as  mine  manager  in 
Kenya,  from  1934  to  1935,  and  then  became  resident  manager  in  Kenya 
for  National  Mining  Corporation,  Ltd.  For  some  three  and  a  half  years 
Mr.  Woolston  was  not  engaged  in  the  mining  profession,  but  in  1940  he 
took  up  the  appointment  of  representative  of  the  General  Sandur  Mining 
Co.,  Ltd.,  at  Bellary,  South  India,  which  he  held  until  1946. 

He  was  elected  to  Assoeiateship  of  the  Institution  in  1912. 


The    Council    regret    to    announce    the    death    of   Louis    Longwood 
Fewster,  AssocicUe,  on  4th  June,   1947. 
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The  Presentation  of  Technical 
Information.  By  Reginald 
O.  Kapp.  London  :  Constable  & 
Co.,  LUi.,  1948.    147  p.    68. 

Technical  Literature.  Its  Pre- 
paration and  Presentation.   By 

G.  E.  Williams.  London  :  (^leorge 
Allen  &  Unwin,  LUl.,  1948. 
117  p.     7b.  6d. 

The  Scientific  Paper.  How  to 
Prepare  it.     How  to  Write  it. 

By  Sam  F.  Trelease.  Baltimore : 
The  Williams  &  Wilkins  Co., 
1947.     152  p.      $2.00. 

It  is  not  without  significance  that 
these  three  useful  little  handbooks 
should  have  appeared  in  quick  suc- 
cession. The  need  for  some  guidance 
to  those  who  aspire  to  liave  the 
results  of  their  work  recorded  in  the 
Proceedings  and  Transactions  of 
Scientific  and  Technical  Bodies  has 
long  bot^n  apparent  to  those  to  whom 


are  delegat^l  the  tasks  of  adjudicat- 
ing on  the  merits  of  papers  submitted 
by  authors  for  publication. 

In  their  own  particular  ftelds 
these  three  writers  have  already 
given  the  benefits  of  their  wide 
experience  in  these  matters  to 
students  and  research  workers, 
either  by  courses  of  lectures  or  by 
occasional  addresses.  These  are 
now  made  available  to  a  wider 
public?.  Almost  every  aspect  of  the 
preparation  and  final  production 
of  concise  and  readable  records  of 
scientific  and  technical  work,  and 
accompanying  illustrations,  is 
covered  by  one  or  other  of  these 
works.  There  is,  inevitably,  much 
overlapping,  but  each  approaches 
the  problems  which  confront  the 
inexperienced  author,  with  his  own 
individual  outlook.  This  emphasia^es 
a  truth  which  is  made  apparent  by 
each — that    the    communication    of 
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knowledge,  whether  by  the  written 
or  by  the  spoken  word,  is  an  '  art ' 
acqiured  only  by  experience,  al- 
though it  may  be  given  expression 
in  many  different  ways. 

Quite  apart  from  the  specific 
purpose  of  guiding  prospective 
authors  in  preparing  technical  papers 
for  publication,  a  perusal  of  these 
-works  is  likely  to  be  of  help  to 
professional  men  in  framing  reports 
on  technical  matters  in  a  form  which 
may  be  more  readily  grasped  by 
those  concerned  rather  with  ad- 
ministration than  with  precise 
technical  matters. 

The  only  danger  one  foresees  in 
too  close  a  study  of  these  works  is 
lest  those  with  useful  knowledge  to 
impart  should  hesitate  or  even 
refrain  from  doing  so,  having  regard 
to  the  '  counsels  of  perfection  *  they 
contain.  One  has  a  feeling  that  even 
in  attempting  this  short  notice  of 
three  admirable  handbooks  one 
may  be  open  to  criticism. 

S.  W.  Smith. 

Introduction     to     Historical 
Geology.  By  Raymond  C.Moore. 
London  :   McGraw-Hill  Publishing 
Co.,   Ltd.,    1949.      ix  and  582  p., 
6x9,  illus.     308.  ( S5.00). 
This     lavishly     illustrated     book, 
\nrritteu    chiefly    for    the    American 
recwier,  is  a  clear  and  simply-worded 
account    of  the   salient   featiu^es   of 
earth  history.     After  outlining   the 
methods   of  historical   geology,   the 
trends  of  organic  evolution,  and  the 
origin  of  the  earth,  the  main  part  of 
the  book  portrays  the  changing  face 
of    the    earth    and    the    fascinating 
record   of  life  throughout   the  geo- 
logical   history    of   North    America. 
The    book,    which    can    be    recom- 
mended   to    all    embarking    on    the 
study   of  geology,   avoids  excessive 
technical    jargon    and    explains    the 
cardinal    principles    of  stratigraphy 
with  conmiondable  clarity. 

David  Williams. 

Reply  from  Messrs.  K.  C.  Li  and 
C.  Y.  Wang  (authors)  to  Mr.  T.  F. 
Sraeaton's  Review  on  Tungsten, 
published  in  Bulletin  506,  January, 
1949. 
The  reviewer  takes  exception   to 

the  two  following  sentences  on  page 

210    and    calls    them    *  bewildering 

ambiguities  *  : 

(rt)  *  Offsetting    is    due    to    the 


growth  of  large  grains  in  the  glowing 
filament  during  use,  resulting  in  the 
development  of  grain  boundaries 
extending  etcross  the  full  diameter 
in  a  plane  at  right  angles  to  the  long 
axis  of  the  wire  '.  Dr.  Smithells,  in 
his  book  Tungsten  (p.  81),  wrote 
about  the  cause  of  offsetting  thus  : 
'  These  crystals  are  usually  some- 
what longer  than  the  wire  diameter, 
and  are  separated  by  crystal  boun- 
daries lying  in  planes  often  perpen- 
dicular to  the  wire  axis.  Such 
filaments,  particularly  when  heated 
by  alternating  current,  are  liable  to 
offsetting  due  to  flow  on  the  crystal 
boundaries  '. 

(6)  *  To  prevent  sagging,  the 
structure  in  the  filament  should  be 
one  of  extremely  large  and  long 
grains  '.  By  *  long  grains  '  is  meant 
of  course  the  longitudinal  direction 
of  the  grains  in  respect  to  the  axis 
of  the  wire.  This  sentence  is  merely 
a  condensation  of  a  statement  in 
Founder  Metallurgy  by  John  Wulff, 
pp.  432-3. 

The  authors  cannot  see  why  the 
reviewer  considers  that  *  these  two 
statements  are  in  conflict  '. 

The  authors  purposely  tried  to 
treat  the  metallurgy  of  tungsten 
first  historically  and  then  critically, 
hence  *  details  of  patents  (many  of 
doubtful  value)  and  illustrations  of 
rather  obsolescent  reduction  appara- 
tus ',  as  the  reviewer  puts  it,  were 
incorporate<i.  The  authors  concede 
in  part  the  reviewer's  stricture  that 
their  knowledge  of  the  manufacture 
and  fabrication  of  tungsten  has  been 
derived  '  secondhand  ',  il  by  second- 
hand material  is  meant  material 
based  upon  the  work  of  other 
authorities.  But  what  author  of  a 
modern  technical  book  could  claim 
that  all  the '  material  in  it  was 
original  ? 

The  reviewer  assmnes  that  the 
authors  advise  the  ap])lication  of  a 
coating  of  graphite  during  swaging 
at  1,500-1,600°C.  Of  course,  at  this 
temperature  there  is  the  danger  of 
carbide     formation.  What     the 

authors  did  write  was  (p.  207)  : 
*  As  tungsten  is  readily  oxidized  at 
these  temperatures  it  is  generally 
protected  by  a  coating  of  graphite, 
which  is  applied  in  the  early 
stages  .  .  .'.  Just  before  this  state- 
ment swaging  temperatures  of 
1,350^0.,     1,250^C.,     1,175°C.     and 
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800-550°C.  wpro  listed.  There 
might  be  a  possibility  of  carbide 
formfttion  at  1,350'C..  but  not  at 
the  subsequent  temperatures. 

The  reviewer  criticizes  the  authors 
for  hrfving  iriohidcvl  silica  with 
alumina  and  thorin  as  non -volatile 
additive  substances  (p.  210 — not 
p.  207  as  qunte<l  by  the  reviewer). 
In  Powilcr  Mt'taUurqtf^  bv  John 
Wulff.  P.  E.  Wretbiad  of  Massa- 
chusettH  Institute  of  Technology 
writes  (p.  431):  'These  Ladditives] 
are  usually  composed  of  a  compound 
of  sodium  or  potassium  mixed  with 
a  non-volatile  substance  su(rh  as 
SiOj,  AljOg  or  ThOj  '. 

The  reviewor  attributes  to  the 
authors  the  statement  that  tungsten 
ro<l  has  never  been  satisfactorilv 
metde  from  carbon -reduced  metal. 
What  the  authors  did  state  in  the 
first  sentence  of  the  second  para- 
Krai>h  on  p.  203  was  :  *  While 
tungsten  powder  other  than  that 
prepared  by  hy<lrogen  reduction 
has  never  been  satisfactorily  used 
in  the  production  of  win\  rod,  and 
sheet,  many  uses  for  tungsten  pow- 
der of  slightly  lower  purity  and 
somewhat  difTeriMit  pliysical  pro- 
perties have  opened  fpiite  a  fic!(l  for 
carbon  or  gas  ivduced  powder  ', 
and  further.  *  Consumption  of  tliis 
grade  of  powd'T,  y)rin('i])a!ly  for 
hard  faf-ing  nu'tals.  welding  rod, 
etc.,  has,  during  thr*  T>ast  few  ytuirs, 
amounted  to  several  liundred  tons 
annually'.  The  authors  caiuiot  see 
why  the  reviewtM*  eonsidcM-s  these 
two  sentenees  '  nuitiiallv  et)ntra- 
dictorv  '. 

The  reviewiM*  says  that  '  iieitlier 
of  thi^se  [the  following]  statements 
is  wholly  true  '.  On  p.  203,  bottom, 
appeared  th(?se  statements  :  *  Any 
impurities  which  once  get  intt)  the 
oxide  will  eventually  contaminate 
the  resulting  pow<i'.»r.  H(mic(»  only  the 
purest  kind  of  tungsten  ore  is  iLsed 
for  the  manufacture  of  tungsten 
rods  and  wire  '.  Thes(^  statements 
are  absolutelv  true.  Th(>  authors, 
having  been  in  intimate  connection 
with  th<»  Wah  (^'hang  tungsten  ore- 
dressing  plant  at  (ilen  Cove,  X.Y., 
whieh  regularly  supplies  the  dressed 
puritied  ore  Xo  soim^  of  the  largest 
and  best -known  tungsten  nianu- 
fa^'turers  in  America,  know  what 
ihvy  an*  talking  about  with  regard 


to  the  question  of  objectionable 
impurities.  To  illustrate,  the  follow- 
ing specification  was  demanded  by 
one  of  the  largest  tungsten  manu- 
facturers in  the  United  States : 
WO3.  68-70  per  cent :  Sn,  0-50  per 
cent  max.  ;  As,  0*10  per  cent  max.  > 
P,  0-05  per  cent  max.  ;  S,  0*10  per 
cent  max.  ;  Cu,  0*05  per  cent  max.  ; 
Sb,  010  per  cent  max.  ;  Mo,  0-002 
per  cent  max.  ;  Bi,  0-10  per  cent 
max.  ;  SiOo.  0-50  per  cent  max. ; 
Ca,  O'lO  per  (rent  max. 

With  regard  to  the  methods  of 
analysis  of  tungsten,  ea<*h  plant  of 
course  has  its  own  favourite  methods. 
In  fact,  the  greater  part  of  the 
chapter  on  analysis  is  based  on  the 
methods  adopted  in  the  Wah  Chang 
ore-dres-sing  plant,  and,  as  such, 
might  or  might  not  be  better  than 
some  other  multifarious  methods 
known. 

While  the  authors  appreciate  the 
remark  of  the  reviewer  that  *  the 
book  contains  much  that  is  goo<l  * 
they  are  rather  amazed  at  the 
apparent  unfairness  of  his  criticisnn 
when  he  mak(^  the  flimsily  sup- 
ported blank  assertion  that  the 
Imok  contains  *  too  much  that  is 
poor  '.  The  authors  wish  that  he 
had  been  mon?  circumspect  in  his 
criticism  of  the  book,"  seeing  that  it 
treats  such  divei*sitie<l  subjects  as 
history,  geolr>gy,  ore-dres»sing,  metal- 
lurgy, chemistry,  analysis,  appli<*a- 
tion,  substitution  and  economics. 

Mr.  T.  K.  Smeaton'  replies  as 
follows  : 

On  the  efliM't  of  large  crystals  on 
(1)  offsetting  and  (2)  sagging, 
the  authors  (|Uote  Smithells  and 
WulfT ;  it  would  have  been  advisable 
to  indicate  that  tungsten  may  be 
induced  to  grow  very  long  crystals, 
thus  coni})ating  sag,  without  simul- 
taneous danger  of  offsetting,  by 
em})loying  methods  which  precluflo 
the  formation  of  transverse  grain 
boun<iaries. 

The  authors  <(uote  from  Wulff : 
'  To  prevent  sagging  the  structure 
in  the  filament  should  be  one  of 
extrtMnely  large  and  long  grains  '. 
Tliis  statement  is  just  vaguely  true. 
Equally  true  is  the  seemingly 
contradictory  one  :  To  prevent  sag- 
ging the  structure  in  the  filament 
should  be  on(»  of  extremelv  small 
equiaxed  grains. 
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In  point  of  fact,  the  detennining 
factor  governing  the  highest  degree 
of  non-sag  quality  in  a  filament  is 
not '  the  grain  size  at  all  but  the 
rates  of  recrystctUization  and  grain 
growth  ;  if  these  can  be  completed 
in  a  few  seconds,  the  filament  will 
be  non-sag.  Further,  if  recrystalliza- 
tion  takes  place  instantly  and 
subsequent  grain  growth  is  prevented 
altogether  by  the  presence  of  an 
effective  intorgrauular  barrier 
material,  these  filaments  will  also  be 
non-sag.  • 

The  fact  that  Wulflf  classes  silica 
as  an  involatile  additive  to  tungsten 


does  not  alter  the  fact  that  this 
substance  completely  volatilizes 
during  the  early  stages  of  the 
sintering  process. 

Manufacturers  quite  naturally 
prefer  to  purchase  and  work  oree 
which  contain  a  high  percentage  of 
tungsten  oxide  and  which  have  low 
impurity  content,  but  mainly  for 
economic  reasons.  It  is  not  only 
possible  but  has  been  necessary, 
during  the  writer's  29  years'  ex- 
perience, to  manufacture  tungsten 
in  all  forms  and  in  the  highest  state 
of  purity  from  ores  of  very  low 
grade,  especially  during  the  last  war. 
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Light  Metals  BuU.,  Lond.,  11  (N.S.),  March  25 
1949,  246.  (Abstract  Tech.  Hdsch.,  41-2, 
June  4  1948.) 

653.492.6(729.4) 

Aluminous  laterite  soil  of  the  Republic  of 
Haiti,  W.I.  Samuel  S.  Goldich  and  Harlan 
R.  Bergquist.— /iu//.  U.S.  Geol.  Surv.  954-C, 
Wash.,  D.C.,  1948,  46  p.,  illus.,  maps,  diagrs., 
tabs.   40c. 

553.494 

Titanium,  the  coming  metal ;  it^  occurrences 
and  uses. — S.  Afr.  Min.  Engng.  J.,  J'burg, 
59,  Pt.  2,  Feb.  26  1949,  779-81.    6d. 
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5l>3.494.1(4ft».4-S.  Torj"*) 

Drove  notieia  Bul)rr  o  jazlgu  de  ferro-titanio 
da  praia  de  8.  Torpna  (SineB).  (r.  (U>  Castro 
Lcaadro.  —Kstud.  Sottu  Trah.  Serv.  Fom.  Min.^ 
Lisbon,  8,  Fasc.  4,  1947,  212-16,  illus.,  map. 

563.496(44) 

Die  ErHrhlictwuiiK  <lor  fran70ii8chcn 
IJraii-  uiid  Thorium- Krzlasror.  (Th«'  tliaoovery 
of  tho  French  uranium  and  thorium  blanket 
^Q\wfXX».)—HrTg.~Hohr.-u-Krd.^  Vienna,  65, 
It.  2,  1U49,  14-15. 

553.490.2 

Geoohemic,  I.<a]ir(iratftttenkunde  uud  BerK- 
wirt«iiaft  dcs  Urans.  (Geochemistry,  known 
deposits  and  mining  of  uranium.)  ILans 
ntlttentiain.— OVudtau/.  Easen;  85,  Mar^^h  12 
1949,  186-92,  map,  bihlio.    4  DM. 

553.495.2(942) 

Development  of  uranium  deposits  at 
Mount  Painter.  S.A. — Chem.  Engng.  Min. 
Rev.,  Mclb.,  41,  Det-.  1948,  Sft-8,  illus.,  map. 
Is. 

553.499(794.37) 

Quicksilver  dep<tsits  of  the  Oakvillc  district, 
Napa  county,  ( 'allfomU.  PhiUp  F.  Fix  and  C. 
Mclvin  Swinnev.— Ca/t/.  J.  At  in.,  San  Fran- 
cisco, 46,  Jan.  1949.  31-46,  maps,  tab. 

568.6    Deposits  of  building  stones 

553.551.1(437.1) 

The  limestone  dep(«it  at  Dolni  Ncrestce  in 
the  -Pist'k  district  (Buliemia).  Bohuslav 
Hetjman.—  Vestn.  Geol.  I'st.  c*l.,  Prague,  28, 
1948,  290-2,  illuH. 

• 

658.6    Non-metslUc  deposits 

553.611 

Clays  and  their  properties— an  interpreta- 
tion. Helmut  (.}.  F.  Winkler.— Research, 
Lond.,  2,  Ai.rll  1949,  175-X3,  diagr.n.,  biblio. 
38.  6d. 

653.«36.2l'(72) 

Optic-ul  calritc  deposits  of  the  Itepublio  of 
Mexico.  ('.irl  Fries?.  ,]r.—HuH.  I'.S.  (irol. 
Sun:  954  I),  Wash..  1).C„  li'lS.  (J(5  p.,  maps, 
dini.TS.,  tub:?.    20  <•. 

55.1.(Hn.'.'(lH) 

.'^ulphur.  CProdiu'tion.  iwfum'iu'e,  suppli*^ 
— spe<'i:il  rrfi'n-iHM'  to  .Vustnilia.)  II.  J.  Oxik. 
—.lujit.  Miutr.  Imiustr.,  M»'llt.,  1.  No.  2.  1948, 
6-7. 

ft.'i.'i.fiSO.l 

liariuni.  (I'ropi-rtirs.  on.»s.  <xiurrvnee. 
miniiiu.  pnparation.  usi"»,  vxc)  W.  li. 
Winston.  '  '»///.  J.  Min.,  .'^an  Fr.iu«i«co,  46, 
Jan.  I'.»r.i,  >.')-ii7,  biblio, 

."..'.:;.<;'.»  If  71) 

I'l  iliir  (li  jm-it  v\ill  )•«•  l-a-i.-^  for  inw  iihhi.-iry, 
-    rn.:t.iihri.in,  Wiimip.ir,  22.  .Man.h  I'.UU.  l\». 

553.9    Carbonaceous  deposits 

r»r»:5.'.« :  ;■».'» "..ri 

'VUv  «;ii-l.unif<  nm-i  r>n'ks ;  an  .'vN'ount  of 
soin«'  iiaiur.il  ri-iinrv'"s  olln-r  tuan  ri>al : 
I'l.  1.  A.  .N«I->'ii.  .'/)//«  d'  'j>firn;  Ewjng.. 
l.oji.i.,  15.  April  I'.tl*.'.  li'7-ll,  .li.ijr-..  tabs. 
Is.  r..i. 

ri.*.;;.iti(7rj.".  I 

Tin-  till  1  it-mi-:  of  All>«Tt.i.  (I'oal  aii<i 
potroKut'i.i  \\  .  A.  l.atiu'.  '  nn-i'i.  Min. 
Ml  tail.  llilL  \\\  (Tnins.  52,  l:'l;».  !.'»  I'-Jj. 
MoiititMl.  .'a:i.  I'.'ll'.  17  'Jl.  ni:i;>.  tab-.,  l.iblio. 
»1. 


553.982(712.3) 

The  fuel  reserves  of  Alberta.  (Goal  and 
petroleum.)  W.  A.  Lang. — Caniad.  Min. 
MetaU.  Bull.  441  {Tran».  62,  1949,  15-22), 
Montreal.  Jan.  1949,  17-24,  map,  tabs., 
bibUo.    11. 

61    MEDICAL  SdENGES 

616.24    Pneumokonioeis 

616.24:  549 

Mineralo^oal  o^tpects  of  pneumokonioais 
research,  (i.  Nai;el«>hmidt. — Ruearch,  Lond. 
2,  April  1949,  17(1-5,  biblio.    3s.  6d. 

U16.97 

Le  di!^pistai?e  de  la  syphilis  ches  les  mineats 
(Strangers  de  Campine. — InH.  Hyg.  Min. 
(^PubL)  nasselt,  (^en.  99,  Comm.  55,  Feb.  9 
1949,  K  p.,  tabs.    (Typescript.) 

621     PLANT  AND  POWER 

621.51 

Steigerung  der  Abbauleisttmg  doich  Zwfe- 
chenverdichtuug  der  Druckluft  uater  Tage. 
(Increased  mining  capacity  by  means  of 
between-stasr*^  underground  compresMns.) 
Wilhclm  Reinhard.— (//iifiraK/,  Basen,  85, 
March  26  1949,  232-4.     4  DM. 

621.926.52  :  622.736 

Grundlegende  uud  ueuere  Erkenntniaae  bei 
der  Feinmahlimg  von  mineralischen  Rohstoflcn 
in  Nasstrommelmtihlen  und  ihre  Anwendong 
in  -der  Erzaufbereitung.  (Fundament«l8  and 
developments  of  the  line  grinding  of  crude  ore 
by  wet  baU  miUing.)  Gotthold  Qnittkat.— 
Z.  Erdnfiy.  MetaUh.,  Stuttgart,  2,  Jan.  1949, 
6-14,  illus.,  diagrs.     3  DM. 

622    MINING 

622  (...)    Regional 

622(424.1) 

Mininsr  in  the  Fon':»t  of  Dean.  A.  L.  Kidson. 
—  Min.  J..  Lond.,  232,  Marvh  5  1949,  166-8, 
diagrs.     ^d. 

622(4fiS.13) 

E2<tudio  di-  los  oria-ieros  de  la  region  se.  de 
El  Sol.lado ;  para  investigar  la  probable 
coutiiiuidad  d<'  csu  import  ante  zona  minera. 
(Studies  of  thi*  ToiruTJil  deposits  of  the  re«ion 
SE  of  El  Solda.io.)  \.  rarlK.nell  T.-V.—Bd. 
Inst.  (itol.  Ksp.,  Mu.lrid,  60,  1948,  405-519, 
mtips,  tabiK. 

622(675.8) 

VUite  &  LTnion  Mini^re  du  Ilaut- Katanga. 
(<}eolo<fv,  miniuir,  etv.)  Andre  Savomin. — 
Ann.  Min.,  Paris,  137,  3,  1948,  3-21,  maps, 
diain^. 

6*j2(7ui.«;n 

Mi?i"s  aiui  mini^ral  n-sources  of  Tuohmme 
county,  i.'ulifornia.  ('lan^nce  A.  Logan. — 
Ciilif.  ./.  .Mm..  San  Fran«M**o,  46,  Jan.  1949, 
47-^.1.  illus.,  map.  tabs.,  biblio. 

022.tMH.',r)  :  6t;i».717 

Ahuniniuni  alloys  in  mining  equipment. 
J.  C.  Uaili-v.  rnin.\.  Imtn.  Min.  Kngr».. 
Lond..  108.  i't.  7,  April  1949.  256-76,  illus.. 

labs.,  bililio.     Ii»s, 

622.«»1.1..1i; 

What  an>  n.'S4^rv«'s  ?  C.  M.  Campl>ell. —  H*. 
MintT,  Vaaoouv.  r.  B.C.,  22,  Feb.  1949,  19-51. 
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€22.035.1  :  622.284.5 

Stahlsteinpel  fUr  die  steile  Lageruiig.  (Steel 
props  for  8t«ep  aojims.)  Werner  Hoevels. — 
aiurktmf,  Eflsen,  86,  Feb.  26  1949,  158-61, 
<liasm.    4  DM. 

«22 .035.1  :  622.817.941 

Kohlenstaubbeklmpfung  mil  dom  Stuas- 
tr&nkverfahren  in  halbsteilcr  und  8teilcr 
Lasf^Tung  auf  dcm  Steinkohlenbergwerk 
Consolidation.  (Dust  supprcwion  bj  water 
infusion  in  semi-steep  and  steep  seams  at  the 
C<»iiM)Hdatioii  colliery.)  liubertus  Kolshoven 
•and  Alexander  Heitmann. — f/luckauf,  Essen, 
35,  March  12  1949,  179-86,  diagrs.,  tabs. 
4  DM. 

<(82.1    Topography,  surveying 

€22.1 

^^aiidardisation  of  mine  plans  and  surveys. 
E.  J.  Iloldam. — Trans.  Intt.  Min.  Surr.,  Not- 
tingham, 29,  Jan.  1949,  28-32. 

€22.1  :  326.8 

The  National  Grid  and  the  mining  sur>'eyor. 
Matthew  P.  Coleman. — Trans.  Inst.  Min.  .Siirr., 
Nottingham,  29,  Jan.  1949,  3-13,  tabs. 

€22.1  :  526.8 

The  correlation  of  mbie  surveys  with  the 
ordnance  survey,  N.  K.  Kitto. — 7'roiM. 
Cornish  Inst.  Min.  Engrs.,  Camborne.  8  (N.S.), 
Sept.  1947-April  1948,  3-16,  diagre.,  biblio. 
lOs. 

622.1  :  526.918.52 

Air  survey  :  importance  tx)  minini;  <lcvi'lop- 
ment.  Holt  Hammond.  -Min.  y..  Lend.,  232, 
April  2  1949,  242-5,  illus.     8d. 

622.  IS 

Hydn>gen  balloons  for  stope  surveying  at  the 
Sullivan  mine.  A.  T.  liichurdson. — f'nnaJ. 
Min.  Mi4aU.  Bull.  441,  Monin-al,  Jan.  1919, 
16.     $1. 

622.22    Claims,     planning,    preparatory 
work 

622.221.42 

A  viioial  aid  t<»  planning.  Eric  Gochlliffc. 
~('olli*ry  Engng..  l^)nd.,  26,  April  1949, 
124  30,  ilhH.,  diagr*.     2s. 

622.233    Machine  mining,  rock  drills 

622.233.29 

.\uper  undercutting ;  new  Ught weight 
uhdercutter  used  at  tlie  W.  &  L.  truck  mine 
is  operatefl  by  a  3-Ilp.  A.(,\  motor  and  iwcs 
eleven  augers  t^^  make  a  3J  in.  kerf  26  in.  wide 
and  51  in.  doep  in  as  little  :«»  two  minutes.  — 
Coal  Agf.  Albanv,  .V.Y.,  54,  I'd..  1949,  99, 
illus. 

€22.233.3 

Uber  Ver.suche  zur  drehemlen  Hcrstellung 
von  ft^prengbohrlO:hern.  (llos<*anh  into  the 
manufo^'ture  of  blasithole  drillin>,'  cquijiment.) 
Pwil  fkhulz  and  Kurt  'I'lO.kcn.  -fi'luckauf. 
Essen,  85,  Feb.  12  1949,  1(>7-16,  illus,,  diagrs., 
tab-*.     4  DM. 

€22.23.1.3  :  669.m1S.25 

Win.-w^haftHt-hkeitsfragcn  bcini  llartnu'tall- 
Gesioinbohrpn.  (Kconomic  aspects  <>£  liiinl- 
meial  rcM-k  drillins;,)  Herbert  Jes<like.  -/f. 
Erzhrrg.  McUUIh..  Stuttgart,  1.  Sej.t.  I'MS, 
168-76,  Ui\^.     4  DM. 

622.233.3.053  :  669.018.25 

L**s  taillant.-i  k  carbure  dans  la  foration 
rotative  au  charbon  :  I't.  2  (rom-ludtd). 
Herthon. — Her.  Industr.  Min.,  St.  Etieiuie, 
No.  541  (.Section  .Mine),  I'eb.  1!»49,  51-66, 
diagiB.,  tabs. 


622.233.3.053  :  669.018.25 

Percussion  nx^k  drilling  with  tungsten 
carbide  tipped  bits.  (Penetration  and  resist- 
auce  of  rock,  change  of  pressure,  tests.)  K.  J. 
Wells.— (Viirm.  Engng.  Min.  Rev.,  Melb.,  41, 
Jan.  1949,  136-41,  Uba.     Is. 

622.233.62 

Les  taillants  k  carbure  dans  la  foration 
rotative  au  charbon  :  Pt.  2  (concluded^ 
Berthon.— /e<T.  Industr.  Min.^  St.  Etienne, 
No.  541  (Section  Mine),  Feb.  1949,  51-66, 
diagrs.,  tabs. 

622.284    Methods  of  working 

622.234.8  :  622.342.13 

Gold  dredging  in  New  Zealand.— CA<fm. 
Engng.  Min.  Rev.,  Melb.,  41,  Jan.  1949, 125-8, 
illus.,  tabs.    Is. 

622.236    Blasting,  tlasthole  drilling 

622.235.16  :  622.233.5 

Drilling  blastholes  at  the  Uoldcn  mine  with 
percussion  drills  and  tungsten  carbide  bits. 
Elton  A.  Youngberg.- i/in.  Engng.,  N.Y.,  1, 
March  1949,  Sect.  Trans.»  (I'.P.  2558  A.) 
75-8,  diagni.,   tabs.,  biblio.     $1.50. 

622.25    Shafts,  shaft  sinking 

622.25(682.3) 

Shaft  design  and  sinking  practice  of  the 
Anglo-American  Corporation.  11.  ilacConachie 
and  J.  H.  Mudd.— y.  (.7«7».  Soc.  S.  Afr., 
J'burg,  49,   Nov.   1948,   165-78,  diagrs.     6s. 

622.25(682.3- West  Rand  Cons.) 

Brief  description  of  certain  features  of 
shafts  and  shaft  lay-out — West  Hand  Consoli- 
dated Mmes  Limited.  W.  Scott.— y.  (hem. 
Soc.  A'.  Afr.,  J'burg,  49,  Nov.  1948,  159-64. 
diagr.     6s. 

622.252/3(682.3.Van  Dyk  Cons.) 

'J'lie  sinking  of  No.  5  shaft,"  Van  Dvk  0)n- 
solidatcd  Mines,  Ltd.  T.  L.  Blunt.— 7.  Chgm. 
.Soc.  »S.  .1/r.,  J'burg,  49,  Nov.  1948,  179-92, 
diagrs.,  tabs.     68. 

622.271    Mining  methods  (surface) 

622.271.3  :  621.879 

Openitional  statistics  of  a  Marion  5560 
power  shovel,  (xeorere  B.  Clark  and  George  L. 
K<'iter.  — .V»n.  Kngug.,  .\.Y.,  1,  Fob.  19  49, 
S.><'t.  Trans.,  (T.P.  2531  A.)  44-S,  dia^'rs., 
tabs.,  biblio.     7.'>c. 

622.272/. 275    Mining  methods  (stoping) 

622.273.1 

Essai  d'un  nouveau  sclu'mt!  dc  foudn)vage 
en  gran-le  couelie.  (;harles  Iluber.  -Rev. 
Jndustr.  Min.,  St.  Ktieime,  No,  541  (Stviion 
Mine),  I'eii.  li»49,  H2-5,  diagrs. 

622.2  7;;.2.04S 

Improvements  in  roof  control  by  the  intro- 
duction of  pneumatic  svt«)wing  and  pouer- 
h):iding.  W.  A.  Terrell.  Trans.  Instu.  .Min. 
Knijn..  Lund..  108.  I't.  6,  Mart;h  l!«49,  213  52. 
illu:*.,  dialers.,  tubs.     !'>:». 

622. Zie    Methods    of    extraction    of 
petroleum 

622.276 

Ein  nouer  Uotarj-.Si»UIkopf.  (.\  new  swivel 
it»int.)  llen^ig  lik'XuL'h.—Btrg.-Bohr.-u-Erd., 
Vienna,  65,  Pt.  2,  1949,  3-5,  illus.',  diagr. 
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622.28    Support,  linings 

022.284  :  622.233 

Sur\'eillance  des  bancs  dutoitdans  Tabatage 
m^cauisnK'  ded  couches  de  charbon.  A. 
Winstanley.— (»w/.  Mijnbouw^  The  Hague,  11, 
Feb.  1949,  50-76,  illus.,  diagre.,  tabs. 

622.284.5  :  622.0.35.1 

Stahlstempcl  ftlr  die  stcilo  Lagerang.  (Steel 
props  for  ateep  seams.)  Werner  Uoevela. — 
Oluckauf,  Kfwen,  85,  Feb.  26  1949,  158-«1, 
diagrs.    4  DM. 

622.82    Oilfield  production 

622.323(496.5) 

Das  albaniacho  ErdOl.  (Albanian  oil.) — 
Berg.-Bohr.-u-Erd.,  Vienna,  65,  Pt.  3,  1949, 
10-12. 

622.33  Mining  carbonaceous  minerals 

622.336(437.1) 

Uber  Ber^bau  und  Aufbcroituni?  von 
Oraphit  in  SUlbOhroen.  (On  tlio  mining  and 
treatment  of  graphite  in  southern  Bohemia.) 
Wenier  Clittuder.— Z.  Erzberg.  Metallh.,  Stutt- 
gart, 1,  July  1948,  109-12,  diagrs.    4  DM. 

622.34  Metalliferous  mining 

622.341.1(425.3) 

Mining  Frodingham  ironstone.  D.  C. 
Shelton.— 7'raiM.  Cornish  Inst.  Min.  Engrs.^ 
Gambome,  3  (N.S.),  Sept.  1947-April  1948, 
22-32,  diogra,,  tabs.,  flowsheet.     lOs. 

622.341.1(434.2  Siegerland) 

Bergmftnuische  und  betriebswirtschaftliche 
Fragen  des  Siegerl&ider  Bergbaus.  (Mining 
and  eoonornic  working  questions  at  the  Sieger- 
land mines.)  Gunter  Dorstewitz. — Z.  Erzberg. 
MHallh.,  Stuttgart,  2,  Feb.  1949,  33-43,  map, 
diagrs.,  tttl>s.     3  DM. 

622.341.21(796.311  Sidney) 

Maklns:  a  mine.  R.  F.  HoUL*. — Min.  World, 
San  Francisco,  11,  March  1949,  32-6,  illus., 
diagrs.,  tab.     $0.35. 

622.3  i2.I(6S2..3) 

Witwatersrand  mining  practice ;  a  dis- 
cussion of  some  salient  points  of  practice  in  the 
Rand  goldfield.  Jack  Spalding. — Min.  Mag., 
liond.,  80,  March  1949, 148-53,  diagrs.     Is.  6d. 

622.342.1(712.7  Nor-Acme) 

Development  of  Nor-Acme  mine  by  Ilowe 
Sound  Development  Company. — Frecarnhrian, 
Winnipeg,  22,  Feb.  1949,  6-13,  illus.,  diagre., 
flow-sheets. 

622.342.1(71  S-Dickenson) 

The  Dicktin-ion  Red  Lake  gold  mine,  Balmer 
township,  Rod  Ijake,  Ontario. — Frecatnbrian, 
Wiimipog,  22,  March  1949,  8-11;  17,  iUus., 
flowsheet*. 

622.342.1(754/61) 

(irold  deposits  of  the  southern  Piedmont. 
J.  T.  Pardee  and  0.  F.  Park,  Jr.—Frof.  Fap. 
r.^S.  (f-eol.  Surv.  213,  Wa^h.,  D.C.,  1948, 
156  p.,  illus.,  diagrs.,  tabs.,  bibiio.  (.\ii^)s  in 
sf;parate  folder.) 

622.342.13  :  622.234.8 

Gold  flredging  in  New  Zealand. — Chem. 
Engng.  Min.  Rev.,  Melb.,  41,  Jan.  1949,  125-8, 
illus.,  tabs.     Is. 


622.343(688.1) 

Namaqua  copper  developments ;  the  woric 
ol  the  O'Okiep  Companv.— 5.  Afr.  Mitu 
Engng.  J.,  J*burg,  60,  Pt.  1,  March  19  1949, 
77-9,  iUus.    6d. 

622.345.7(595) 

Alluvial  tin  mining  in  Malaya.  A.  D.  Hughes. 
—Min.  Engng.,  N.Y.,  1,'  March  1949,  Sect. 
Trans.  (T.P.  2559  A.),  65-74,  IUus.     f  1.60. 

622.345.7(910) 

N.R.I,  tin  mining  resamcd.  (Mining  in  the 
DuU'h  East  Indies.)  J.  Van  den  Beng. — Misu 
Engng.,  N.Y..  1,  Feb.  1949,  Sect.  1,  19-24^ 
illus.    75c. 

622.36    Mining  non-metals 

622.361.2 

Machinery  in  the  china  clay  indostxj.  C.  R. 
Love. — Trans.  Cornish  Inst.  Min.  Engrs.y 
Cambonie,  3  (X.S.),  Sept.  1947-April  1948, 
33-43,  diagre.     lOs. 

622.361.2(689.1) 

Kaolin  in  Southern  Rhodesia. — Min.  J.^ 
Ix>nd.,  232,  March  26  1949,  223-4.     8d. 

622.363.51(942) 

Qypsum  industry  in  South  Australia.  Jack 
Edmunds.— i/tn.  1/.,  Lond.,  232,  March  2t 
1949,  227-8.     8d. 

622.367.3(i36) 

Oesterreichisehes  Talkum.  (Austrian  talc.) 
—Berg.-Bohr.-u-Erd.,  Vienna,  65,  Pt.  3,  1949, 

7-8. 

622.367.6 

Recent  trends  in  asbestos  mining  and  milling 
practice.  Michael  J.  Mossel. — Min.  Engng., 
N.Y.,  1.  Feb.  1949,  Sect.  Trans.  (T.P.  2636 
11.),  52-5,  bibiio.     75c. 

622.368.91 

Barium.  (Properties,  on;s,  occurrence,  min- 
ing, preparation,  uses,  etc.)  W.  B.  Winston. — 
Calif.  J.  Min.,  San  Francis<;o,  45,  Jan.  1949, 
85-97,  bibiio. 

622.41/. 46    Ventilation 

622.41 

Not^-s  sur  la  ventilation  souterraine :  Pt.  1. 
(Theory  and  practice.)  Jean  R.  Brouet. — 
I'uh.  Ass.  Ing.  Fac.  Folyt.  Mons,  96,  Fasc.  4, 
1948,  1-12,  diagrs.,  tab-*. 

622.41(7l2.7.Flin  Flon) 

Ventilation  and  dust  control  at  the  Flin 
Flon  mine  and  cnishing  plant  of  the  Hudson 
Bav  Minini;  &.  Smelting  Company,  Limited. 
F.  T.  Mt.oney.  -Canad.  Min.  MetaH.  Bull.  441 
(Trans.  52,  1949.  5-S),  Montreal,  Jan.  1949, 
7-10,  illus.,  bibiio.     |1. 

622.413 

Deux  notes  sur  I'^^tudc  du  climat  des  chant* 
iere  souterruins.  R.  liidlot  and  P.  Lcdent. — 
Ann.  Min.,  Paris,  137,  3,  1948,  23-8,  Ubs., 
bibiio. 

622.413.5 

Ttie  practical  aspects  of  mine  ventilation  : 
Pt.  8.  Tue  dujt  hazard.  (Production,  deter- 
mination, supprc-wion.)  P.  Lebet^ir.  —  Mine  ^ 
Quarry  Engng.,  Lond.,  16,  April  1949,  117-22, 
diagrs.,  tabs.     Is.  6d. 

622.457.3 

Auxiliary    ventilation    in    mines  :  Pt.    3. 
Fred    Ix-beter. — Colliery   Engng.,   Loud.,   26,. 
April    1949,    131-7,    tabs.     28. 
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033.467.S 

Btode  dm  caiudiiatoni  d*Mrafie  wooiulidra. 
<Stadle8  <A  auxiliary  Tentilatloii  syitemt.) 
Iioiaon.— Cartrv  Btuda  Rechtr^  Charfxm,  France 
XoU  tteh,  49/1,  Paris,  Jan.  1949,  IS  p^  diagn., 
tabs. 

9UJB   Haukite,  hotetlng,  transport 

623.025.34 

Bin  neuer  FOrderwagen.  (A  new  mine  car.) 
Kurt  Sohnorr. — Oluekauf^  Bnen,  86,  Feb.  12 
1949,  122-3,  diaffzs.    4  DM. 

622.635.28 

Some  problems  in  the  application  of  looo- 
motive  haulage ;  area  reorgtuiiaation  baaed  on 
a  standard  mine  car  :  Pt.  2  (eoncluded)^  S.  J. 
Temperley.—(Jlf  in.  Proc.  not.  Ass.  CoO.  Mgrs.) 
Iron  Coal  Tr.  Rev.^  Loud.,  1&8,  March  11 
1949,  513-19,  illos.,  diagrR.     9d. 

622.67(435.6) 

SchachtlOrdereinriohtungen  and  Fflrderseile 
im  Obeigamtsbeairk  Dortmund  in  den  Jahren 
19S6-1947.  (Shaft  hoisting  equipment  and 
winding  rope  tax  ^e  Dortmund  chief  mining 
district  during  1986-1947.)  Hermann  HerfosU 
—OUiekauf,  Bssen,  8S.  Marrh  26  1949,  215-26, 
tabs.    4  DM. 

622.673.6 

Mining  ropes.  (Brief  notes  on  winding, 
hMiiagP  and  guide  nipee.)— ITm.  J.,  Lond., 

1,  April  9  1949,  262,  diagr.     «d. 


«{22.69  :  625.92 

Aerial  ropeways ;  advantages  of  ropeway 
transportation,  gravity  shoot,  single  and 
ijoubie  jigback,  monocable  fixed  clip,  mono- 
cable  boxhead  ropeway. — Min.  Worlds  Lond.« 
166,  1949;  March  5,  129;  April  2.  1»1  ; 
Vpril  9,  195.     6d.  eacli. 

6S2.7    MINERAL  DRESSING 

622.7 

A  lecture  on  some  developments  in  heavy 
media,  gravity  and  cyanidation  pnM'^oases. 
F.  T.  0.  Doughty. — Trans.  Cornish  Inst.  Min. 
Engrs.,  (Camborne,  8  (N.8.),  S^pt.  1947- 
April  1948,  17-21.     lOs. 

028.7-.. .    Dressing  specific  minerals 

622.7-331.5 

Bin  Beitrag  sur  Frage  dor  Erfolgserraittlung 
b«i  der  Auf  bereitung  des  8ioKt;rUknder  Spatcis- 
ctnsteins.  (Note  on  the  prol)l<Mu  of  determining 
results  in  the  couc-eutration  of  8i<^rland 
spathic  iron  ore.)  Hubert  Gleiclmiann  and 
Karl  Heinz  Zepter.^^.  Enberg.  Mrtallh., 
Stuttgart,  1,  Sept.  1948,  178-82,  tabs.     4  DM. 

622.7-336(437.1) 

Uber  Bergbau  uud  Aufbereitung  von 
Qn4)hit  in  SUdbOhmvn.  (On  the  mining  and 
treatment  of  graptuto  in  southern  Bohemia.) 
Werner  (irtindcr.— Z.  JCrzberg.  MettUlh.^  Stutt- 
>?art,  1,  July  1M8,  109-12,  diaffrs.     4  DM. 

ii:!2.7-342.1(ti8'J.3  Ubanon) 

The  Libanon  reduction  plant. — .s.  Afr.  J/tn. 
A'n^M^.  J.,  J  burg,  60.  Pt.  1.  Muivh  r>  194U, 
7-1.^,  UiagTB.     fid. 

t::ii'. 7-342.1(941  Kali<iN>rlie) 

Milling  practice  ou  the  (roldeu  Mile.  S.  U. 
r^alamy. — Mine  ^  Quarry  Knfnif.^  Ijimd.,  15, 
April  1949,  101-6,  map,  flownhoets.     1<(.  M. 

622.7-344.5.084 

Metiiode  d'enrichiasem<*nt  du  niiuerai  de 
plomb  applicable  notamnient  aux  )k>uos,  aiix 
scblamms  et  aux  rdsidus  do  lavage.  (Pructnk- 
dit  du  Djebel-Hallouf.)  Willy  (litiens  and 
lien^  UetKeL — Ann.  .l/tn.,  Parifi,  187,  H.  194S 
LV» -.11. 


622.7-367.6 

Beoent  trends  in  asbestos  mining  and 
miUtng  practice.  Michael  J.  MesseL— Mis. 
Engng.,  N.Y.,  1,  Feb.  1949,  Sect.  Trans. 
(T.P.  2536  H.),  52-5,  blbllo.     75c 

633.7.084 

Design  of  slime  thickenont. — Chem.  Engng, 
Min.  Rev.,  Melb..  41,  Dec.  1948,  91-5,  tabs., 
biblio.     Is. 

622.7.084 

Untenachungen  Uber  die  giinstlgste  WIchte 
▼on  Mahltrtiben.  (InvestimUions  on  the  most 
favourable  density  of  miU  slimes.)  GUnther 
Fl\lgge.—Z.  Ertberg.  MetaOh.,  Stuttgart,  8, 
Feb.  1949,  43-7.     3  DM. 

688.78    GominlBiitloB 

622.73.001.11  :  539.211 

Bostimnlng  av  spedfika  y ton  pa  kross-  och 
malgods  enligt  gaspermeabifitetsmetoden.  (De- 
termination of  the  speriflc  surface  of  finely 
divided  materials  according  to  the  gas  permea- 
bility method.)  Jonas  SvenBSon.--JmiJrontor. 
Ann.^  Stockholm,  188,  No.  2,  1949,  33-86, 
illus.,  diagn.,  tabs.,  biblio.  kr.  2  :  50.  (English 
summary.) 

622.736  :  621.926.52 

Grundlegende  und  neuere  Erkenntniase  bei 
der  Feinmahlunc  von  mineralischen  Rohstoffen 
in  NaastrommclmUhlen  und  ihre  Anwendung 
in  der  Erzaufbemitung.  (Fundamentals  and 
developments  of  the  fine  grinding  of  crude 
ore  by  wet  ball  milling.)  Qotthold  Quittkat.  - 
Z.  Ertberg.  Mrtallh.,  Stuttgart,  2,  Jan.  1949, 
6  14,  illus.,  diagre.     3  DM. 

622.74    Screening 

622.741  :  518.4 

Graphische  Daistellung  und  Auswertung 
von  Siebanalysen  auf  Qrund  der  Rosin- 
Bammler-Gleichung.  (Graphical  representa- 
tion and  valuation  by  screen  analysis  on  the 
basis  of  the  Rosin-Rainmler  equation.)  Edgar 
Puflfe.— Z.  Ertberg.  ifetaUh.,  Stuttgart,  1, 
July  1948,  97-103,  diagre.    4  DM. 

622.76/.78    Goncentrstlon 

fi22.754.08 

Thickening  -art  or  science  ?  E.  J.  Robejrts. 

Min.  Engng.,  >r.Y.,  1,  March  1949,  Sect. 
Traiifl.  (T.P.  2541  B.),  «l-4,  bibUo.    $1.50. 

622.765    Flotation 

622.7G5  :  549.691. ."t 

The  flotation  of  coppf>r  silicate  from  silica. 
R.  W.  Ludt  and  C.  C.  De  Witt.  -Min.  Engng., 
N.Y.,  1,  Feb.  1949,  Sect.  Trans.  (T.P.  'ih%r,  B.), 
49-51.  tabs.,  biblio.    75c. 

622.8    HAZARDS,  ACCmENTS 

622.81    Gas,  dust,  explosions 

022.811  :  534.647 

SoiRmisi*he  T'literHiinhumwn  nntor  Tage. 
(Seismic  inveittiiifatiuii.^  iindortrround ;  in 
rolation  to  expl'>:*ion««. )  HeiTirich  Baule. — 
tnuekauf,  Essen,  85.  Feb.  I'C  1949.  ]61-r>. 
diagre.    4  DM. 

»i22.817 

The  practiral  anpects  of  mino  ventilation : 
Pt.  8,  Th*»  dui»t  haznni.  fPrinhii'tion,  deter- 
mination, 8uppn>i«4ion.)  F.  Ix-bcter. — .\fine 
S  Qitarrff  Engng..  l/oml.,  15,  April  1949.  117- 
22,  dijurre.,  tabs.     Is.  ftd. 

622.817.9 

Etude  de  produits  mouillants.     (Study  of 
wetting  agents.)   Charbonnier. — Centre  Etude* 
Recher,    Chartxm.    France  Nol«  lecU.      X'^r^. 
I'nris.  Jsn.  TOIft.  \(\  p..  (Wivct*..  ^«>vk. 
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68S.817.94l  :  692.0S5.1 

KohlasMtMibbeUmpfimg  mlt  dem  8to»- 
trlDkrerfahren  in  halbrteUer  and  iteOer 
Lagwnng  anf  dem  Stetnkohlenbecgwerk 
OoDfloUdatioo.  (Dost  aapprestion  by  water 
infnaioo  In  semi-eteep  and  steep  aeama^kt  the 
OonaoUdation  ooUieiy.)  Habertoa  Bolshoren 
and  Alexander  Heltmann. — Obnckanf,  Bnen, 
86,  Maroh  IS  1949,  179-86,  diagn..  t«hA. 
4  DM. 

618.88    Rock  prMSure,  sobaldence 

6SS.8S1.S :  6SS.SS3 

SiUTeiUanoe  des  banoa  du  Urit  dans  I'abata^ 
mteaniam^  des  cooobea  de  oharboii.  A. 
Winatanley. — Oeol.  MijnbouWf  The  Hague, 
11,  Feb.  1949,  55-70,  Uba.,  diagn.,  tatw. 

6S3.8S1.2 :  62S.SS3 

Book  preoBore  in  oocJminea.  H.  Ijabtmne.  - 
Oeol,  MiMfouw,  The  Hague,  11,  Feb.  1949, 
Sl-49,  dJagn.,  bibUo. 

688.86 

632.861 

Safety  with  abuttle  care.  K.  K.  KinoelL— 
Coal  Age,  Albany.  N.  V.,  64,  Feb.  19*9, 1  H»-12, 

UlUB. 


66    CaiEMICAL  TEC3INOLOGY 

tf61.81(941-Lake  Campion) 

PotMh  from  Western  Australia;  illustxa- 
Uons  of  the  operations  at  lAke  Oampion. — 
Min,  Mag.,  Lond..  80,  Manh  1949.  146-7, 
illua.    Is.  6d. 

663.76S(71> 

GkuoUne  sorvey  for  itummor,  1948.  P.  B. 
Sccly  and  P.  R.  Ooodapeed.— Caaorf.  Bw. 
Min.  Memor.  Ser.  102,  Ottawa,  !>«•.  1948, 
8  p.,  t4it)8..  hiblin. 

685.54 

Integration  of  operations  in  a  largo  refinery. 
K.  B.  Ross  and  D.  N.  McKiiilay.  ->/.  IrtMf. 
i'tftrol.,  F/Ond.,  35,  Jan.  1910,  .V37.     7k.  iM. 


669    .\fETALLURGY 

669.02/. 09    Processes  and  equipment 

(U>9.054.8  :  »69.25.22 

Uber  die  Verhllttung  voii  NoiuillM-n^^hrott, 
-abittUen  and  -spAiieu.  (On  the  Hnicltiui?  uf 
nickel-silver  scrap,  waste  and  turuings. 
Development  oi  a  volatilization  process.) 
Bmst  Justus  Kuliimuyer. — Z.  Erd}try. 
MtiaUh.,  Stuttgart.  8.  Jan.  1949,  l-<5.  tHlw. 
.^  DM. 


tj«9.054.8  :  ♦569.7 

Tcc'.Unischcr  Stand  luid  EntwickluiigBrich- 
tung  der  Lcichtmetall-Schrottvcrarboitung:  1. 
Ijeieht-motall-UmHchmelzverfahmn.  (Tot-h- 
nical  status  and  trend  of  devolopmciit  of  th«' 
consumption  of  light-metal  scrap :  Pt.  I. 
Lijjlit-motal  remelting  proceas.)  Frita  Wthrer. 
—Z.  Unbtrg.  MetaUh.,  Stuttgart.  1,  August 
194X.  l*J9  37,  fllai.'re..  tH»w..  ttow«ih«>et.    1  D.M. 

669.2/. 7    Non-ferrous  metallurlty 

•169.223 


669.6S7 

AziMtten  der  Dniabiugw  Kapfarhtttta  ttbsr 
die  tiwhnisohft  Verwegadnng  Ton  Metall- 
amalgamen.  (Operatlona  at  the  Dnlabaig 
copper  smelter  with  refetenoe  to  the  appUoa- 
tloQ  of  metal  amalgams ;  dsTelopment  ot  the 
eleotrolytio  vine  prooass.)  Oakar  Bmert. — 
Z.  Bnbiprg.  Mttatik,,  Stattgart,  8,  Feb.  1949, 
47-66,  diagiv.    8  DM. 

669.669 

Penn  mine  slag  dump  and  mine  water, 
Oalaveras  county,  Califonia.  (Baqjerfments 
to  recover  sine  from  dunq)  and  water.)  Frank 
J.  WIebelt  and  Spaogler  Bicker.— ra/t/. 
J.  Mim^  Ban  Fronctooo,  46,  Jan.  1949,  99-106, 
map,  tabs. 

669.7 :  669.064Ji 

Technischer  Stand  und  BntwicklongB- 
xichtong  der  LeichtmetaU-SchrottTerarbeit- 
nng:  1.  Leioht-metaU-Umschmrisvertahren. 
(Technical  status  and  trend  of  devdopment 
of  the  consumption  of  light-metal  scrap : 
PL  1.  light-metal  rpmeltiiu;  process.)  Frits 
Wfthrer.— Z.  Bnberg.  MHaUli^  Stuttgart,  1, 
August  1948,  129-57,  iliagr*.,  tabs.,  flowsheet. 
4  U.\f. 

669.717  :  622.002.5 

Aluminium  alloys  in  mining  equipn^nt. 
J.  C  Bailey. — Traiu.  Itutn.  Min.  Enart.^ 
Lond.,  108,  Pt.  7,  .^pril  1949,  S66-79.  ilhis., 
Ubs.,  biblio.    1(18. 

669.725.:{ 

Mineral  chk>rination  studies :  3.  The 
ohltnriuatiQn  of  Au^timlian  beryL  F.  JsL. 
McTaggart— J.  Sei.  InduHr.  Rtt.,  Melb.,  80, 
Nov.  1947,  564-84,  .iia^jH.,  tain*.,  hihUo. 

669.753 

Din  Autimonanlagp  dor  I  iorsog  JuliushiJtte. 
(The  antimony  plain  of  the  Uerzog  Julius 
metallurgical  works.)  Otto  Hermann  Schlitac. 
—Z.  Erzherg.  MekU^.,  Stnttgart,  1,  Ju'y  1948. 
10.^  9.  illns..  t:i»'.,  rt<»»vsli«^t.     4  DM.  ' 

ElM'tPxiepomtion  an<i  nlei^trowinniiu;  uf 
germanium.  (Jolin  (i.  Fink  and  VoKant 
M.  Dokras. — J.  Electrochrm.  tioc.,  iialtimerc. 
Md.,  06,  Ke»».  1949,  Ho-t>7,  tabs.,  blblio.     »1. 

669.791.5 

Arbeiten  der  DuislviuKcr  KupferhUtto  lUtcr 
die  tochnittche  Verwen<iung  von  Metall- 
aiualgamcn.  (Operations  at  the  Duisourg 
(>i>pper  mnclter  with  rofcronce  to  tiie  applicA- 
tion  of  metal  amalg.oina ;  development  of  the 
plectrolytit.'  zinc  proceas.)  Dakar  Emcrt. — 
—Z.  Erzberg.  MtHuJlh.,  Stuttgart.  2,  VcU. 
1949.  17-5.'),  .liaurs.    :;  1>M. 

♦iOy.«7l' 

(:}cgenwartii;Hr  c>tund  der  OcwinnunK  vdu 
Indium  autt  itammelsl>ergcr  Erz.  (Cum>nt 
practice  in  the  ojEtractiou  of  indium  from  the 
Hammelsberg  un\)  Reinhard  Kleinert. — 
Z.  Ertberg.  Metallh.,  Stuttgart,  2.  .ran.  1949. 
U-1^,  tabs.,  flowsheeth.     H  DM. 
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TOWN  AND  COUNTRY 
PLANNING 


Silver  extrai'ti'ui.  (Lixiviatiou, 
Lion,  base  metal  on-  treatra''nt.) 
DeuuiH.  -Min.  ./.,  Ijontl..  232. 


i:v;viiiija- 

*\V.    H. 

\piil  II   194'.i. 


The  Town  and  iTouutry  Planning  Act,  1947  : 
Development  charges.  (Section  6U  deals  with 
minerals.)  J.  I).  Tnistram  Eve. — J.  Instn. 
Chan.  Surr..  Land.,  (Tram..  81.  I91<<-4'.». 
T»n  •,'-'.>.  28,  Ai'ril  1949. 


THE   INSTITUTION   OF  MINING  AND  METALLURGY 
Founded  1892.     Incorporated  by  Royal  Charter  1916. 


ANNUAL  REPORT  OF  THE  COUNCIL 


The  Council  of  the  Institution  of  Mining  and  Metallurgy  have 
pleasure  in  submitting  their  Report  on  the  affairs  of  the  Institution 
for  the  Session  1948-49,  and  the  Statement  of  Accounts  for  the 
year  ended  81st  December,  1948.  As  in  previous  years,  the 
r^tatistics  given  in  the  Report  refer  to  the  calendar  year  1948. 

Revision  op  the  Bye-laws 

The  revised  Bye-laws,  to  which  reference  was  made  in  the 
previous  Report,  were  adopted  at  a  Special  General  Meeting  of 
Members  and  Associates  held  on  16th  December,  1948,  and  were 
allowed  by  the  Lords  of  His  Majesty's  Privy  Council  on  20th 
February,  1949,  on  which  day  they  came  into  force. 

The  revision  marks  an  important  stage  in  the  history  of  the 
Institution.  The  Council  believe  that  the  foundation  has  been 
laid  for  the  future  growth  of  the  Institution  in  numbers  and 
prestige.  The  rate  of  that  growth  will  depend  upon  the  efforts  of 
all  members,  and  the  Council  urge  members  to  study  the  new 
Bye-laws  and  to  do  all  they  can  to  encourage  qualified  candidates 
fo  apply  for  admission. 

Roll  of  the  Institution 

During  1948  there  were  8  admissions  or  readmissions  to  Member- 
ship, 85  to  Associateship  and  85  to  Studentship.  In  addition, 
three  Members  were  transferred  to  Honorary  Membership,  28 
Associates  were  transferred  to  Membership  and  29  Students  to 
Associateship.  The  numbers  of  members  in  the  various  classes 
were  as  follows : 

At  At 

3l8t  December       3lBt  December 

1948  1947 

Honorary  Members    12  10 

Members  622  630 

Associates    1,152  1,149 

Students  406  370 


2,192  2,159 


The  names  of  5  Members,  15  Associates  and  12  Students  have 
been  removed  from  the  Register  owing  to  non-payment  of  subscrip- 
tion, and  the  resignations  of  11  Members,  18  Associates  and  7 
Students  were  received  and  accepted.  The  names  of  12  Students 
were  removed  from  the  Register  owing  to  their  failure  to  obtain 
transfer  to  Associateship  within  the  period  of  eight  years  laid  down 
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iu  the  Bye-laws.  The  uame  of  one  Associate  was  removed  from 
the  Register  under  Section  II,  clause  8,  of  the  Bye-laws. 

The  Council  deeply  regret  to  record  the  death  of  the  following 
members,  and  wish  to  express  sympathy  with  their  relatives  : 

Honorary  Member  (1) :  William  Cullen. 

Members  (20) :  William  Thomas  Anderson,  H.  Foster  Bain,  James 
Chapman  Brown,  Henry  James  Daggar,  Bernard  John  Hastings, 
Horace  Cecil  Benjamin  Hickling»  Arthur  Hibbert,  E^est  Hibbert, 
Guy  Carleton  Jones,  Raymond  MoUoy  Kateley,  Sibley  Byron 
McCluskey,  Elric  Ogilvy  Macpherson,  Godfrey  Ewart  Morgans,  Philip 
Francis  Paterson,  Arthur  ^Uchael  Robinson,  Arthur  William  Rosa, 
Gerhard  August  Stockfeld,  G^rge  Arthur  Stonier,  Gilbert  Andrew 
Syme,  John  Charles  Tonkin. 

AssocicUea  (9) :  Thomas  Andrew  Clarke,  Ernest  Vaughan  Dabb,  Nathaniel 
Grordon  Farquhar,  William  Clarke  Grummitt,  Oscar  Sydney  Marks, 
John  Edwin  Ogilvie,  Hugh  Mcllfroy  Paterson,  James  Francis  Smith, 
Leonard  Stephen  Wilson. 

Student  (1) :  R.  Krishnaswamy. 

This  list  represents  a  further  heavy  loss  to  the  Institution  and  the 
mining  and  metallurgical  professions.  As  will  be  seen  the  list 
includes  Dr.  William  Cullen,  Past-President ,  Mr.  Carleton  Jones,  a 
Gold  Medallist  of  the  Institution,  and  Mr.  Ernest  Hibbert  and  his 
brother,  Mr.  Arthur  Hibbert,  both  of  whom  served  for  several 
years  as  Members  of  Council. 

Honours  and  Distinctions 

Reports  of  the  award  of  honours  to  the  following  Members  have 
been  received  during  the  year,  and  the  Council  offer  their 
e(mgratulations  to  the  recipients  : 

Order  of  the  Bath— 

K.C.B.— 

Colonel  PAUii  J.  G.  Gueterbock,  c.b.,  d.s.c,  m.c,  t.d.,  d.l.,  j.p. 
{Member  of  Council), 

Order  of  the  British  Empire — 

C.B,E.  (Civil  Division) — 

B.  E.  Frayuno  {Member), 

B.  L.  Gardiner  {Member), 

Prof.  W.  R.  Jones  {Past-President), 

Institution  Awards 

The  Right  Hon.  Viscount  Nuffield,  G.B.E.,  D.C.L.,  F.R.S.,  has 
been  elected  an  Honorary  Member  of  the  Institution,  in  recognition 
of  his  interest  in  and  benefactions  to  metallurgical  education  in 
the  British  Empire. 

Dr.  Sydney  William  Smith,  C.B.E.,  A.R.S.M.,  D.Sc.  (Lcmdm), 
Hon.  D.Sc.  {Witwatsrsrand),  M.I.M.M.,  Past-President,  and  Mr.  John 
Allen  Howe,  O.B.E.,  B.Sc,  M.I.M.M.,  Pa^ -President,  have  been 
elected  Honorary  Members  in  recognition  of  their  services  to  the 
Institution. 

*  The  Consolidated  Gold  Fields  of  South  Africa,  Limited " 
Premium  of  Forty  Guineas  has  been  awarded  to  Mr,  Frederick 
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Hsxry  Htch,  A.B.C.S.,  B.Sc,  A.M.I.M.M.,  for  his  paper  on  *  The 
Tin  Mines  of  Pahang  Consolidated  Co.,  Ltd/  (Transactions,  Vol. 
Ixvii). 

No  award  of  the  Gold  Medal  of  the  Institution  or  of  *  The 
Consolidated  Gold  Fields  of  South  Africa,  Limited '  Gold  Medal 
has  been  made. 

Sir  Julius  Wernher  Memorial  Lecture 

The  Council  have  pleasure  in  announcing  that  Dr.  C.  H.  Desch, 
F.B.S.,  has  accepted  an  invitation  to  deliver  the  second  Sir 
JaUus  Wernher  Memorial  Lecture.  Dr.  Desch  will  take  as  his 
Hubject  *  The  effect  of  impurities  on  the  properties  of  metals  \ 
and  his  Lecture  will  be  deUvered  at  the  Boyal  Institution,  London, 
on  6th  July,  1949,  the  day  preceding  the  opening  of  the  Symposium 
on  the  Eefining  of  Non-ferrous  Metals  to  which  reference  i?  made 
later  in  this  report.  * 

Officers  and  Council  for  Session  1949-50 

As  announced  in  the  Bulletins  for  November  and  December,  1948, 
Mr.  W.  A.  C.  Newman  has  been  elected  President  of  the  Institution 
in  succession  to  Mr.  S.  E.  Taylor,  and  Mr.  Robert  Annan  has  been 
re-elected  Honorary  Treasurer.  Messrs.  A.  L.  Butler,  T.  Eastwood, 
Donald  Gill,  Vernon  Harbord,  L.  C.  Hill  and  Sir  Arthur  Smout 
have  been  elected  or  re-elected  Vice-Presidents.  These  elect ionp 
were  made  under  the  provisions  of  the  Bye-laws  then  in  force  :  the 
revised  Bye-laws  since  allowed  by  the  Privy  Council  will  govern  the 
election  of  Officers  and  Council  for  the  1950-61  and  subsequent 
Sessions. 

The  Council  have  regretfully  accepted  the  resignation  of  Brigadier 
B.  S.  G.  Stokes  from  the  office  of  Vice-President,  owing  to  hi? 
having  taken  up  residence  in  South  Africa,  and  they  wish  to 
record  their  sincere  thanks  for  his  valuable  services  to  the 
Institution  as  Member  of  Council  and  Vice-President. 

During  1948,  63  Council  and  Committee  Meetinjgs  were  held, 
and  Members  of  Council  attended  many  meetings  of  other  bodie? 
as  representatives  of  the  Institution. 

Fourth  Empire  Mining  and  Metallurgical  Congress^ 

The  Institution  has  co-operated  with  the  Organizing  Committee 
of  the  Fourth  Empire  Mining  and  Metallurgical  Congress,  to  be 
held  in  London  and  Oxford  from  9th  to  17th  July,  1949.  At  the 
request  of  that  Committee,  the  Council  undertook  the  responsibilitj- 
of  obtaining  papers  for  three  of  the  technical  sessions. 

The  President-Elect,  Mr.  Newman,  has  been  appointed  a  Vice- 
President  of  the  Congress,  and  the  Institution  will  be  officially 
represented  by  three  delegates,  Mr.  6.  Keith  Allen,  Mr.  Vernon 
Harbord,  and  Sir  Edmund  Teale. 
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Symposium  on  Metal  Befining 

As  members  have  already  been  informed,  arrangements  have 
been  made  for  a  two-day  Symposium  on  the  Eefining  of  Non-ferroofl 
Metals  to  be  held  in  London  on  7th  and  8th  July,  1949.  The  Council 
wish  to  record  their  thanks  to  the  Committee  under  the  Chairman- 
ship of  Sir  Arthur  Smout,  which  was  responsible  for  all  the 
arrangements,  to  the  authors  of  the  19  papers  which  will  form  the 
Symposium,  and  to  the  Boyal  Institution  of  Chartered  Surveyors 
for  the  use  of  their  Lecture  Hall.  The  Council  trust  that  members 
interested  in  this  subject  will  make  a  special  effort  to  attend  the 
Symposium  and  to  contribute  to  the  discussion  on  the  excellent 
papers  that  will  be  submitted. 

Meetings 

Since  the  last  Annual  General  Meeting,  eight  Ordinary  General 
Meetings  and  one  Special  General  -  Meeting  have  been  held  in  the 
Apartments  of  the  Geological  Society  at  Burlington  House, 
Piccadilly,  and  the  Council  are  grateful  to  the  Society  for  their 
continued  hospitality. 

Visit  to  Corby 

By  courtesy  of  Messrs.  Stewarts  and  Lloyds,  Ltd.,  a  party  of 
members  visited  that  Company's  opencast  iron-ore  mines  and 
steelworks  at  Corby,  Northants.,  in  September,  1948.  Limch  and 
tea  were  generously  provided  by  the  Company,  and  the  party  was 
greatly  indebted  to  Mr.  J.  K.  Menzies- Wilson  and  Mr.  J.  Mitchell. 
Managing  Directors,  Mr.  K.  B.  Beilby,  Consulting  Engineer,  and 
Mr.  F.  6.  Weller,  Mines  Manager,  for  the  admirable  arrangements* 
for  the  visit. 

Capper  Pass  Awards 

Reference  was  made  in  the  last  Report  to  the  generous  action 
of  Messrs.  Capper  Pass  and  Son,  Ltd.,  in  presenting  £200  per 
annum  for  seven  years,  to  be  available  for  awards  to  the  authors 
of  papers  on  non-ferrous  extraction  metallurgy  contributed  to  the 
Transactions  of  the  Institution  or  to  the  Journal  of  the  Institute 
of  Metals.  The  Adjudicating  Committee  set  up  by  the  two 
institutions  have  announced  the  following  awards  for  papers 
published  in  1948  : 

For  papers  on  some  aspect  of  N on-Ferrous  Extraction  Metallurgy : 
An  Award  of*  Fifty  Pounds   to  H.   R.   Potts   for  his   paper 
*  Further    Notes    on    Converter    Practice    at    Rio    Tinto  * 
{Bulletin  I.M.M.,  March,  1948). 

An  Award  of  Fifty  Pounds  jointly  to  R.  C.  Trumbull, 
W.  Hardiek  and  E.  .G.  Lawford  for  their  paper  *  Notes  on 
the  Treatment  of  Pyrites  Cinders  at  the  Plant  of  the  Pyrites 
Co.,  Inc.,  Wilmington,  Delaware  *  {Bulletin  I.M.M.,  Decem- 
ber, 1948). 


ANNUAL   RBPORT   OF   COUNCIL  5 

Far  papers  relating  to  some  process  or  plant  used  in  the  Extraction 
or  Fabrication  of  Non-Ferrous  Metals : 
An  Award  of  Fifty  Pounds  jointly  to  C.  Blazey,  L.  Broad, 
W.  8.  Gummer  and  D.  P.  Thompson  for  their  paper  *  The 
Flow  of  Metal  in  Tube  Extrusion  *  (Journal  Inst.  Metals, 
December,  1948). 

Joint  Library  of  the  Institution  and  the 
Institution  of  Mining  Engineers 

Members'  appreciation  of  the  Joint  Library  is  shown  by  a  further 
large  increase  in  the  use  made  of  it  in  1948.  Compared  with  the 
previous  year,  the  number  of  books  borrowed  rose  from  1,002  to 
1,461,  and  the  number  of  enquiries  dealt  with  from  1,260  to  1,820. 
The  number  of  books  borrowed  by  post  was  967,  and  of  the 
enquiries  696  were  by  telephone  and  460  by  post.  The  total 
number  of  books,  pamphlets  and  maps  added  to  the  Library  in 
1948  was  1,262. 

The  Library  subject  index  is  now  classified  under  the  Universal 
Decimal  Classification,  and  the  List  of  Becent  Articles  appearing 
in  the  Bulletin  has  been  classified  in  the  same  way  since  March. 
1949.  In  the  same  month,  a  pamphlet  giving  details  of  Library 
services,  and  an  outUne  of  the  newly  adopted  U.D.C.,  was  circulated 
to  members. 

Publications 

The  monthly  Bulletin  has  been  published  regularly  throughout 
the  Session,  and  Volume  Iv  of  the  Transactions  was  issued  in  1949. 
The  subsequent  volume  of  Transactions  has  been  sent  to  the  printers. 
and  a  combined  index  to  Transactions  Volumes  xli  to  Iv,  inclusive, 
will  be  issued  later  in  1949. 

The  Proceedings  of  the  Joint  Conference  on  Silicosis,  Pneumo- 
koniosis  and  Dust  Suppression  in  Mines  were  published  in  1948, 
and  copies  are  still  available  to  members  of  the  Institution  at  the 
reduced  price  of  10s.  per  copy. 

New  editions  of  the  List  of  Members,  and  of  the  Royal  Charter 
and  Bye-laws  of  the  Institution,  were  issued  to  all  members  with 
Bulletins  Nos.  608  and  609  respectively. 

The  hst  of  papers  published  since  the  last  Report  was  issued  ih 
as  follows : 

*  Impreesions  of  Mining  Practice  in  North  America  \  by  Jack  Spalding, 

Member.     {Bulletin  No.  499). 
'  The  Directorate  of  Colonial  Geological  Surveys  '.     (An  Address  by  Dr.  F. 
Dixey,  Member),     (Bulletin  No.  499). 

*  Notes  on  the  Mount  Kasi  Mine,  Fiji  *,  by  P.  M.  Johnstone,  Associate, 

{Bulletin  HJo.  501). 

*  Notes  on  a  Small  Working  in  Southern  Rhodesia  *,  by  A.  M.  Bensusan, 

AsaociaU,     {Bulletin  No.  502). 

*  A  Simple  Flotation  Cell ',  by  E.  J.  Pryor,  Member,  and  K.-B.  Liou, 

Student,     {Bulletin  No.  502). 
'  The  Sinking  of  No.  5  Shaft,  Van  Dyk  Consolidated  Mines,  Ltd.',  by 
T.  L.  Blunt.     {Bulletin  No.  503). 
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'  Diamond-drill  Blast-hole  Practice  at  the  Roan  Antdope  Copper  Mine ', 
by  H.  F.-C.  Nevill  and  W.  K.  Burgen,  Aaaodaies.    {ButUim  No.  604). 

*  Notes  on  the  Treatment  of  Pyrites  Cinders  at  the  Plant  of  the  ^nrites 

Co.,  Inc.,  Wilmington,  Delaware  *,  by  R.  C.  Trumbull,  W.  Hardiek, 
and  E.  G.  Lawforc^  Member,     {Btdleiin  No.  505). 

*  A  Note  on  "■  Steel  **  Qalena  ',  by  G.  A.  Schnellmann,  Asaociate.    {BulUiin 

No.  506). 
'  Mining  and  Milling  Antimony  Ore  at  Consolidated  Murchison  QoldfieldSy 
Transvaal  *,  by  Ralph  Symons,  Member,     {Btdleiin  No.  506). 

*  Ground   Control — Theory   and   Practice ',   by  Jack  Spalding,   Member, 

{Bulletin  No.  507). 
'  Geophysics  and  Economic  Geology  ',  by  J.  M.   Bruckshaw.     {BuUeUn 

No.  508). 
'  An  Improved  Form  of  Konimeter  *,  by  J.  P.  Reee,  Aeaodate,  and  S.  R. 

Rabson.     {BuUeiin  No.  508). 
'  Recovery  of  Sulphur  from  Smelter  Gases  by  the  Orkla  Process  at  Rio 

Tinto*,    by   H.    R.    Potts   and   E.    G.    Lawford,   Members.     {BulkUn 

No.  509). 

Education 

During  1948  the  Council  were  asked  by  Government  for  their 
views  on  training  in  mineral  dressing  in  Great  Britain.  A  memor- 
andum was  submitted,  and  as  a  result  of  subsequent  discussions 
it  is  hoped  that  provision  will  shortly  be  made  for  the  granting 
of  a  degree  in  mineral  dressing. 

Three  Mond  Nickel  Fellowships  were  awarded  in  1948  by 
the  Joint  Committee  of  the  five  metallurgical  institutions.  The 
Nuffield  Foundation  awarded  four  Travelling  Fellowships,  five 
Post-Graduate  Scholarships  and  nine  Vacation  Scholarships.  The 
Council  wish  to  record  their  appreciation  of  the  great  encourage- 
ment afforded  to  metallurgical  education  and  practice  by  these 
Fellowships  and  Scholarships. 

The  scheme  for  awarding  National  Certificates  in  Metallurgy 
has  given  further  encouraging  results.  Final  examinations  for 
Ordinary  and  Higher  Certificates  were  held  at  18  Technical  Colleges 
in  1948,  74  candidates  gaining  the  Ordinary  Certificate  and  22  the 
Higher  Certificate. 

The  Report  of  the  Joint  Committee  on  Metallurgical  Education 
for  1947-48  was  published  in  the  Bulletin  of  the  Institution  for 
January,  1949.  An  important  part  of  the  Committee's  work  was 
the  preparation  of  a  series  of  recommendations  on  the  qualifications 
which  should  be  required  of  entrants  to  University  courses  in 
metallurgy.  The  recommendations,  which  were  reprinted  in  the 
Bulletin  for  July,  1948,  merit  the  serious  consideration  of  all 
concerned  with  technical  education  of  University  status.  Many 
of  these  recommendations  are  applicable  to  education  in  subjects 
other  than  metallurgy. 

Activities  of  the  Institution 

The  Council  are  pleased  to  report  that  in  response  to  the  appeal 
made  by  the  President  in  his  Address  of  May,  1948,  several  members 
have  put  forward  suggestions  for  improving  and  extending  the 
activities  of  the  Institution.     These  suggestions  have  all  received 
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serious  consideration,  and  some  have  already  been  put  into  effect* 
The  Council  wish  to  endorse  the  President's  appeal ;  at  all  times 
they  welcome  any  suggestions  members  can  make  for  increasing 
the  usefulness  of  the  Lastitution. 

Accounts 

The  Statement  of  Beceipts  and  Expenditure  and  Balance  Sheet 
for  the  year  ended  81st  December,  1948,  are  submitted  herewith. 
It  will  be  seen  that  there  was  a  deficit  for  the  year  of  £930  128.  5d. 

The  cost  of  maintaining  the  ordinary  services  of  the  Institution 
still  substantially  exceeds  the  normal  revenue.  The  income  from 
subscriptions  is  approximately  the  same  as  it  was  ten  years  ago, 
and  the  income  from  investments  some  £260  per  annum  less  in 
spite  of  an  increase  in  the  total  amount  invested. 

It  is  well  known  that  the  cost  of  goods  and  services  has  greatly 
increased  in  the  same  period,  and  there  are  no  signs  of  any  improve- 
ment in  this  state  of  affairs.  Unless  the  income  of  the  Institution 
is  augmented  by  an  increase  in  membership  it  will  face  a  serious 
financial  problem. 

The  Beserve  for  Contingencies  and  Post -War  Expenditure  built 
up  during  the  war  years  will  continue  to  be  used  for  extending  th« 
special  activities  of  the  Institution,  and  the  Council  are  most  anxious 
not  to  be  forced  to  curtail  this  work. 

General 

Representation  on  Other  Bodies  and  at  Official  Functions. — Shortly 
before  his  death,  Dr.  W.  CuUen  resigned  from  the  Metallurgical 
Advisory  Committee  of  King's  College,  Newcastle-upon-Tyne,  and 
Mr.  Stanley  Bobson  was  appointed  to  succeed  him.  Mr.  W.  B. 
Degenhardt  has  succeeded  Mr.  H.  M.  Morgans  on  Technical 
Committee  CBE/3  (Colliery  Wire  Bopes)  of  the  British  Standards 
Institution.  Mr.  Donald  Gill,  Vice-President,  and  the  Secretary 
represented  the  Institution  at  the  Centenary  Celebrations  of  the 
Soci6t6  des  Ing6nieurs  Civils  de  France  in  1948,  and  Mr.  B.  M. 
Harland  attended  the  Installation  of  the  Chancellor  of  Sheffield 
University  in  a  similar  capacity.  Members  of  Council  hav** 
continued  to  represent  the  Institution  on  other  bodies. 

Taxation, — In  1948  a  Departmental  Committee  on  Taxation  and 
Overseas  Minerals  was  appointed  by  the  Government  to  consider 
whether  any  handicap  was  placed  on  British  mining  concerns  by 
the  lack  of  provision  in  the  taxation  laws  of  allowances  for  capita] 
expenditure  in  acquiring  overseas  mineral  deposits.  A  memor- 
andum to  the  Committee  was  drawn  up  by  the  British  Overseas 
Mining  Association,  and  after  careful  consideration  the  Council 
endorsed  this  memorandum. 

Toton  and  Country  Planning  Act,  1947. — A  memorandum  on  the 
effect  of  this  Act  upon  the  British  mining  industry  (excluding  coal- 
mining) was  submitted  by  the  Council  to  the  Minister  of  Town  and 
Country  Planning  on  14th  October,  1948.     The  memorandum  wa?s 
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published  in  the  Buttetin  for  November,  1948.  The  Institution  has 
subsequently  been  consulted  by  the  Central  Land  Board,  set  up  by 
the  Act,  on  matters  concerning  the  valuation  of  mineral  lands. 

Appointments  {Information)  Register. — The  Appointments  (In- 
formation) Committee  of  the  Council  maintains  a  register  of 
disengaged  members.  The  Committee  do  not  act  in  any  sense 
as  an  '  employment  agency  *  and  all  that  they  can  do,  within  the 
Umits  of  their  constitution,  is  to  put  members  who  are  registered  as 
disengaged  into  communication  with  employers  who  have  posts 
to  offer  and  have  communicated  their  requirements  to  the  Institu- 
tion. No  charge  is  made  in  connection  with  the  register.  During 
1948  a  number  of  vacancies  was  brought  to  the  notice  of  the 
Institution,  and  51  members  whose  names  were  on  the  register 
obtained  appointments. 

Annual  Dinner, — It  was  unfortunately  not  possible  to  arrange 
for  an  Annual  Dinner  in  1948.  Arrangements  have  been  made 
for  the  next  Annual  Dinner  to  take  place  at  the  Savoy  Hotel  on 
5th  May,  1949. 

Staff, — Mr.  Henry  Kose,  Chief  Clerk,  retired  on  Brd  July,  1948. 
after  a  period  of  service  with  the  Institution  of  over  51  years. 

In  conclusion,  the  Council  record  their  appreciation  of  the  loyal 
services  of  the  Secretary  and  Staff  of  the  Institution  during  the 
past  year. 

Bv  order  of  the  Council, 

S.  E.  TAYLOK,  President 
W.  J.  FELTON,  Secretary. 


Wh  April,  1949. 
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Balance  Shut, 

£ 

B. 

d. 

£          8. 

d. 

To  Sir  Jiilius  Wemher  Memorial  Fund 

10,147    0 

0 

„  Endowment  Fund        

47,654  17 

4 

„  Poet  Graduate  Grants  Fund 

609  10 

2 

M  Life  CSompositions  Account 

3,979  10 

0 

„  Sundry  Creditors         

990  18 

4 

.,  Reserve    for    Contmgencies    and    Post- War 

Expenditure  as  at  31st  December,  1947  ... 

6.700    0 

0 

„  Staff    Superannuation    Fund    as    at    Slst 

December,  1947        

10,609 

13 

9 

Add  Transfer  from  Receipts  and  Expen- 

diture Account     

495 

3 

5 

Income  from  Investments  and  Bank 

interest      ...         ...         ...         ... 

196 

8 

7 

E'rofit  on  repayment  of  Investment 

and  matured  Policies       

144 

3 

7 

• 

11,445 

9 

4 

Le38  Matured  Policies 

paid  over £647     9     2 

Gratuity        260    0    0 

897 

9 

2 

10,548 

0 

2 

Add  Investment  amortization  reserve  ... 

18 

11 

6 

10,.>6H   II 

Q 

O 

„  *  A.  G.  Charleton  Prize '  Trust  Fund,  as  at 

3  Ist  December,  1947            

723 

19 

9 

^(ic{  Income  for  1948       

24 

4 

0 

748 

3 

9 

Le««  Prize  awarded  for  1947       

24 

4 

0 

12:i   lU 
104   15 

9 
5 

,,  Subscriptions,  etc.,  in  Suspense 

„  Reserve  for  amortization  of  Investments    . . . 

39«     5 

6 

„  Acciunulated    Fund :     Balance    as    at    31st 

December,  1947        

39,756 

5 

1 

Add  Profit  on  sale  of  21  %  National  War 

Bonds,  1961/53         

21 

11 

6 

39,777 

16 

7 

Less  Balance  of  Receipts 
and  Expenditure 
Account  for  the  yeeir 
ended  31st  December, 

X  vHcO       •••  •••  ••• 

Transfer  to  Life  Com- 
positions Account. . . 


R.  ANNAN,  Hon.  Treasurer. 
W.  J.  FEVrO^,  Secretary. 


£930  12     5 
252     0     0 


J, 182  12     o 


38.5».'»     4 


£120,479  12 


We  have  examined  the  foregoing  Balance  Sheet  with  the  Books,  Vouchers  and 
of  the  Transactions  in  hand,   and  subscriptions  in  arrear,   are  not  included 

Loudon,  21th  April,  1949. 
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f  Sir  Julius  Wemher  Memorial  Fund : 
Investments,  at  cost : 

£481  19b.  8cL  British  Transport  3%,  1978/88 
£2,250LondonCounty  3%ConsolidatedStook 

£6,253  2^%  Consolidated  Stock      

£4,100  3%  Savings  Bonds,  1955/65 

Endowment  Fund : 
Investments,  at  cost : 

£8,461  2^%  Consolidated  Stock       

£20,036  2i%  National  War  Bonds,  1949/51 

£1,500  3J%  War  Stock         

£16,700  4%  Consolidated  Stock      


Investments,  at  cost : 

£8,532  98.  2i%  Consolidated  Stock 
£759  2i%  National  War  Bonds,  1949/51 
£3,000  3%  Savings  Bonds,  1960/70 

£23,980  3 J%  War  Stock       

£15,985  3i%  Conversion  Stock 
£800  4%  Consolidated  Stock 


Staff  Superannuation  Fimd  {commenced  1924) 
Investments,  at  cost : 

£300  3J%  War  Stock  

£75  3  %  Defence  Bonds         

£450  3%  Savings  Bonds,  1960/70   ... 
£4,350  2i%  Consolidated  Stock       ... 
£450  2i%  Defence  Bonds  (Conversion) 
£1,455  2i%  National  War  Bonds,  1949/51 
Insurance  Policies  : 

Premiums  on  fully  paid  Policies  £1,110     6     7 
Other  premiums  £1,647  10     3 
Les8  Staff  Con- 
tributions ...       295     0     0 

1,352  10     3 


Post  Office  Savings  Bank  

Cash  at  Bank 

'  A.  G.  Charleton  Prize  *  Trust  Fund  : 

£691  10s.  7d.  3i%  War  Stock,  at  cost 
Cash  at  Bcmk  ... 

Fumitiu^  and  Library  as  at  31st  Dec.,  1947 
Additions  during  1948  


Less  Depreciation  at  12}% 

Sundry  Debtors      

Ccwh  at  Bank  

L,esa  on  account  of — 

•  A.  G.  Charleton  Prize  '  Trust  Fund 

Cash  in  hands  of  Secretary  


8.  d. 


388    0  3 

1,715  12  6 

3,943     7  3 

4,100    0  0 


7,636    6  10 

20,675     7  3 

1,608  19  0 

17,734    4  3 


7,497     2  7 

783     8  5 

3,000    0  0 

23,642     8  8 

13,038  10  5 

826     2  0 


.305  16  3 

75     0  0 

450     0  0 

4,100  16  0 

450     0  0 

1,501     8  8 


2,462  16  10 

1,005     6     7 

215     7     4 


699 

15 

9 

24 

4 

0 

775 

6 

5 

376 

0 

11 

1,151 

7 

4 

143 

18 

4 

1,248     6     6 
24     4     0 


8.   d. 


10,147     0     0 


47,654  17     4 


48,787   12     1 


10,566  U     8 


723  19     9 


1,007     9     0 
168     0     0 


-      1,224     2     6 
200     0    0 

£120,479  12     4 


mkers'  Certificates,  and  certify  it  to  be  in  accordance  therewith.    The  value 
long  the  assets. 

WOODTHOBPE,  BEVAN  9l  CO., 


ChABTEBXD    AoOOTHSniOSTB 


.^ 


Aud^Aor«. 


12 
Db. 


THE  INBTITUTION  01 
Beeeifis  and  ExpendUum  ftr 


1947. 
£        a.   d. 


To 


2,119 

4 

I 

477 

6 

6 

>» 

688 

1 

11 

»> 

804 

1 

7 

» 

60 

4 

9 

•t 

1,698 

7 

2 

>» 

42 

2 

10 

•> 

89 

6 

0 

»> 

4,639 

6 

0 

» 

1,000 

0 

0 

»> 

479 

12 

11 

t» 

862 

6 

9 

» 

160 

8 

9 

»> 

>• 
»» 

62  10 

0 

60 

0 

0 

26 

6 

0 

26 

0 

0 

»> 

160 

0 

0 

100 

0 

0 

»» 


50 

0 

0 

22 

16 

6 

>f 

42 

0 

0 

»* 

17 

4 

8 

15 

1 

8 

76 

3 

1 

86 

12 

1 

» 

£12,946 

18 

1 

£ZFENDITUBB. 

Cost    of   Printing   PublioationB : 

Tranaactiona,  Bulletin,  advance 
copies  of  Papeni,  reports  of 
DiBoiiasiona  and  on  account  of 
Volume  56,  leaa  receipts  for  the 
Advertisement  Section  of  the 

Bulletin 

Printing  and  Stationery 

Expenses  of  Meetings 

Conference  on  Silicosis 

Insurance 

Rent,  Heating,  Lighting,  Clean- 
mg,  etc. ... 

Telephone 

Audit  Fee 

Salaries 

Retiring  Allowances 


0.   d. 


...4,418  19     6 
...  1,187  10    0 


Staff  Superannuation  Fund 
Postage  and  Receipt  Stamps     ... 
Sundry  Accounts 
Legal  Expenses    ...         ...         ... 

Subscriptions  : 

Ross     Lostitute     of    Tropical 
Hygiene 

British  Standards  Listitution... 

International     Geological    Con- 

%Mt^^%§%3       •••  •••  •••  ••• 

Parliamentary    and    Scientific 
Committee 

Mond  Nickel  Fellowships 

National    Certificates    in    Metal- 
lurgy : 

Proportion  of  Expenses 

Contribution  to  Prize  Fund 

Joint  Committee  on  Metalliu*gical 

Education  : 

Proportion  of  Expenses 

Repairs  and  Renewals     ... 

'  Consolidated  Gold  Fields  of  South 
Africa  Ltd,\  Premium  for  1946 

Literest  on  Post  Graduate  Grants 
Fund      ...         ...         ...         ... 

Library  : 

Newspapers,  etc. 
Depreciation 

Depreciation  of  Fumitiue 


125     0     0 
100    0     0 


14  11  11 
94     4     0 


£       a.  d. 


2,309  11  9 

669  6  11 

296  18  0 

56  4  6 

75  2  6 

1,641  3  2 

41  19  0 

89  6  0 


5,606  9  6 

495  3  6 

359  7  4 

423  8  1 

66  19  6 


52  10    0 
50    0     0 


15  15     0 
25     0     0 


225     0     0 


50     0     0 
37   18     3 


17  15     0 


}08  15  11 
49  14     4 

£12,763     7     2 


3NING  AND  METALLUEGY 
I  Year  ended  81^  December,  1948 


Ijr    Bntranoe  Fees  and  Subeorip- 
tioDS : 

Entrance  Fees  


£       B.  d. 


£        8.   d. 


286  13    0 


SubaoriptionB  (including 
£810  12b.  Od.  received  in 
advance) 7,127     6     6 


Life  CompoeitionB    . . . 


SeAea  of  TranaaeUons 

Interest  and  Dividends,  includ 
ing    repayment    of    Income 
Tax  for  1947-48 


'  Conaolidated  Gold  Fields  of 
Sou£h  Africa  Ltd,\  Premium 
for  1946  

Transfer  from  Reserve  for 
Contingencies  and  Post'War 
Expenditure 

Sxcess  of  Expenditure  over 
xveceipuB         •••         •••         ••• 


252    0    0 


7,665  19    6 
866    0    9 


930  12     5 
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1947. 
£        «.   d. 


iS9    S    0 


7,339  16  8 

63    0  0 

7,741  19  8 

793     1  3 


3,300  14    6       3,232    1     7 


42    0    0 


800    0    0 


337  13     7 


£12,763     7     2   £12,94^  U     1 


The  lostltntliMi  as  a  body  is  not  responsible  for  tiie  statements  made  or  opinions 

expressed  in  any  of  its  pubUcaticns. 

THE  INSTITUTION  OF  MINING  AND  METALLUKGY 

SIXTH  OKDINARY  GENERAL  MEETING  of  the  68th  SESSION 
held  in  the  Booms  of  the  Geological  Society  of  London,  Burlington 
House,  Piccadilly,  W.l,  on  Thursday,  17th  March,  1949. 

Mr.  Donald  Gill,  Vice-President,  in  the  Chair 

The  Chairman  announced  that  the  President,  Mr.  Taylor,  was 
absent  owing  to  an  attack  of  influenza.  Good  wishes  for  his  speedy 
recover}'  would  be  conveyed  to  him. 

The  revised  Bye-laws  of  the  Institution  had  been  allowed  by 
His  Majesty's  Privy  Council  and  were  now  in  force,  and  copies 
of  the  new  Bye-laws  would  shortly  be  circulated.  In  the  meantime 
he  asked  Associate  Members,  who  were  formerly  known  as 
Associates,  to  take  note  of  their  new  title,  the  authorized  abbrevia- 
tion of  which  would  be  *  A.M.I.M.M.*  The  abbreviation  for  Members 
wa.<  '  M.I.M.M.'    Students  would  be  known  as  *  Student  I.M.M.* 

DISCUSSION  ON 

Geophysics  and  Economic  Geology 

By  J.  McG.  Bruckshaw,  Ph.D.,  M.Sc,  D.I.C. 

The  Chairman,  introducing  the  author,  said  that  Dr.  Bruckshaw 
w  as  University  Lecturer  in  Physics  at  the  Imperial  College  of  Science 
and  Technology.  He  had  himself  read  the  paper  with  pleasure  and 
instruction.  He  was  glad  that  Dr.  Bruckshaw  had  succeeded  in 
treating  a  highly  mathematical  subject  without  using  too  much 
mathematical  language,  which  showed  what  a  good  grasp  of  the 
subject  he  had.  They  were  fortunate  in  having  Dr.  Bruckshaw  to 
present  his  paper  in  person. 

Dr.  J.  M.  Bruckshaw  said  that  in  1984  a  paper  was  read  before 
the  Institution  by  Mr.  S.  H.  Shaw  on  geophysical  prospecting  for 
water  in  Bhodesia  and,  in  his  introductory  remarks,  Mr.  Shaw 
likened  geophysics,  which  at  that  time  had  a  flavour  of  novelty,  to 
a  vigorous  mewling  infant  in  whose  every  gesture  the  parents — in 
this  case  the  proponents  of  geophysics — saw  potential  genius, 
while  other  observers,  more  detached  in  their  attitude,  saw  juat  a 
naturally  vigorous  infant  who,  in  the  fulness  of  time,  would  attain 
a  useful  position  in  society. 

After  nearly  20  years  the  speaker  had  been  called  upon  to  review 
before  the  Institution  the  usefulness  of  the  *  infant  *,  now  practically 
in  maturity.  The  task  was  rather  a  difficult  one.  The  main 
reason  was  that  one  had  to  consider  not  only  the  fundamental 
principles  on  which  the  various  methods  were  based,  but  also  the 
Umiting  factors  which  controlled  the  usefulness  of  those  methods 

16      * 
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when  they  were  applied.  It  was  rather  unfortunate  that,  in  a 
paper  of  that  description,  it  was  necessary  to  dwell  at  great  length 
on  the  limitations  rather  than  on  the  successes  which  had  been 
achieved.  To  quote  a  Ust  of  successes  by  themselves,  without 
details  of  the  actual  specific  conditions  obtaining  in  each  particular 
case  would  be  meaningless.  The  most  important  part  of  presenting 
the  potential  usefulness  of  geophysical  prospecting  was  to  be  able 
to  assess  the  factors  which  controlled  its  application  and  Umited 
the  use  of  the  various  methods. 

In  the  short  time  at  his  disposal  he  did  not  propose  to  go  into 
very  much  detail,  but  rather  to  emphasize  one  or  two  of  the  major 
points  which  would  be  found  outlined  at  greater  length  in  the 
paper  itself.  The  first  important  point  was  to  appreciate  that,, 
when  a  geophysical  survey  was  made,  a  series  of  physical  measure- 
ments was  actually  made  on  the  surface  of  the  ground,  the 
particular  type  of  observation  being  selected  in  such  a  way  that  it 
was  influenced  by  changes  in  some  physical  property  of  the  rockB 
below.  It  was  fairly  obvious  that  from  those  physical  observations 
deductions  could  be  made  only  concerning  the  distribution  of  some 
physical  property.  For  example,  if  a  gravity  survey  were  made 
and  resulted  in  a  gravity  *  high  *  it  would  be  justifiable  to  say  that 
there  were  dense  rocks  (and  if  in  gravity  *  low  *,  there  were  hght 
rocks)  near  the  surface.  That  was  the  major  deduction.  As  a 
general  rule,  however,  the  picture  observed  at  the  surface  was  not 
one  of  specific  characteristics  of  the  rocks,  but  rather  of  a  change 
in  their  character.  As  long  as  the  rocks  were  \miform  throughout 
there  were  no  peculiarities  to  observe,  so  that  the  picture  obtained 
on  the  surface  was  not  a  picture  of  large  density  or  small  density, 
but  of  the  change  from  a  large  density  to  a  small  or  vice  versa. 

If  in  ideal  circumstances  one  could — and  that  in  general  was 
impossible — make  a  direct  analysis  from  the  observations  and 
obtain  a  picture  of  how  the  density  differences  were  distributed, 
it  would  still  be  impossible  to  identify  the  rocks  that  were  producing 
the  difference.  Even  if  he  quoted  the  density  of  a  rock,  others 
would  be  able  to  mention  a  large  number  of  rocks  possessing  that 
particular  density.  There  was  no  direct  relation  between  the 
observations  at  the  surface  and  the  kind  of  material  producing  the 
disturbances  observed.  In  other  words,  the  identification  of  the 
particular  mineral  being  sought  by  the  investigation  was  not 
possible.    That  was  one  of  the  most  important  points  to  appreciate. 

Another  important  fact  was  that,  if  the  distribution  of  densities^ 
the  magnetic  or  electrical  properties  were  known,  and  in  the  last 
case  an  electrical  current  were  passed  through  the  ground  in  a 
known  way,  then  in  theory  it  would  be  possible  to  calculate  precisely 
the  nature  of,  and  variations  in,  the  observations  at  the  surface. 
In  actual  practice  one  had  the  reverse.  There  the  observations 
were  given  and  it  was  necessary  to  interpret  them  in  terms  of  a 
distribution  of  physical  property  which  had  a  geological  significance. 

There  was  an  infinite  number  of  interpretations  of  any  one 
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particular  picture  observed  at  the  surface.  Hence,  from  the 
geophysical  observations  alone,  it  was  impossible  to  proceed  directly 
to  the  unambiguous  geological  structure  one  was  attempting  to 
elucidate.  It  was  essential  to  take  into  account  all  the  known 
relevant  geology  in  order  to  limit  the  number  of  possible  interpreta- 
tions of  the  geophysical  data.  Those  interpretations  should  not 
only  be  sufficient  to  explain  the  geophysical  observations,  but 
should  also  fit  the  known  geology.  Even  then,  of  course,  there 
might  be  more  than  one  picture,  and  it  seemed  to  him  that,  on  the 
basis  of  those  tentative  pictures,  more  exploratory  work  would  be 
done  with  the  gradual  eUmination  of  all  but  one,  which  would  be 
consistent  with  all  observations,  both  geological  and  physical. 
One  of  the  most  important  points  in  the  appUcation  of  geophysics 
^as  that  in  the  interpretation  the  geology  should  be  considered  on 
equal  terms  with  the  physical  observations. 

Briefly,  the  main  limitations  of  geophysical  prospecting  in 
general  were  the  ambiguity  of  .the  interpretation  and  the  impossibi- 
lity of  identifying  specifically  the  types  of  rock  entering  into  the 
problem. 

It  was  worth  while  making  a  further  point.  There  were,  as  a 
rule,  three  possible  ways  in  which  geophysical  methods  could  be 
applied.  Sometimes  the  particular  mineral  which  was  of  interest 
had  its  own  specific  physical  characteristics.  He  specified,  as  an 
example,  galena,  which  had  one  or  two  outstanding  properties.  It 
was  dense,  it  was  a  good  conductor  of  electricity,  and,  furthermore, 
such  a  mineral  occasionally  occurred  in  quite  massive  deposits, 
sufficiently  large  to  allow  the  direct  location  of  such  a  deposit  by 
its  own  specific  characteristics.  Hence,  one  looked  for  a  good 
conductor  by  electrical  methods,  and  for  a  dense  body  by  gravita- 
tional methods.  More  often  the  particular  mineral,  of  economic 
importance,  had  not  any  outstanding  characteristic  w^hich  would 
permit  its  detection  directly.  Sometimes,  however,  it  had 
associated  with  it  other  minerals  whose  properties  were  sufficiently 
significant  to  allow  an  indirect  attack.  As  an  example  he  quoted 
the  search  for  gold  by  looking  for  the  quartz  reef  in  wluch  it 
occurred.  The  concentration  of  gold  was  so  small  that  it  had  no 
significant  effect  on  the  physical  properties  of  the  reof,  but  the 
insulating  properties  of  the  quartz  occasionally  allowed  the 
location  of  the  gold  indirectly.  Thus,  there  were  available  the 
direct  and  the  indirect  method,  but  there  was  also  a  third  approach, 
— far  more  indirect  than  the  other  two,  and  one  which  was  likely 
to  be  more  useful  than  any  of  the  others.  It  was  a  question  of 
examining  the  geological  features  which  were  associated  with  the 
mineral  deposit.  An  outstanding  example  was  the  search  for  oil. 
There  the  attack  was  indirect.  The  search  was  actually  for  a 
geological  structure  which  was  favourable  for  the  accumulation  of 
oil. 

As  a  simple  example  of  how  that  method  might  be  applied  in  the 
case  of  base  metal  mining,  the  search  for  placer  deposits  mi^bl 
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be  considered.  There  it  was  possible  to  trace  the  topography  of 
an  old  land  surface  and  to  determine  the  configuration  of  tb<^ 
denuded  valleys  in  which  the  placer  deposits  might  be  found. 

Quite  a  number  of  mineral  deposits  were  associated  with  igneous 
activity.  It  might  be  that  the  disposition  of  the  igneous  rockB 
was  of  some  significance  in  elucidating  the  geological  structure, 
adding  to  the  knowledge  and  leading  ultimately  to  the  discovery 
of  the  mineral.  There  were  other  examples,  of  course,  but  the 
members  of  his  audience  were  already  familiar  with  the  probleuiH 
of  mining  geology. 

Before  he  concluded  his  short  introduction  he  wished  to  point 
out  that  the  paper  under  discussion  portrayed  a  very  grim  picture 
of  geophysical  prospecting.  That  was  because  nearly  all  the 
discussion  related  to  the  limitations  of  geophysics,  but  he  would 
conclude  by  pointing  out  that  it  had  been  found  useful  in  the  past 
and  he  was  convinced  that,  by  its  suitable  application  under  the 
necessary  conditions,  it  would  be  found  of  increasing  use  in  many 
different  applications.  Although,  at  present,  all  problems  relating 
to  economic  geology  could  not  be  solved  by  geophysical  prospecting 
— and  it  was  fairly  obvious  that  some  types  of  deposit  were  not 
found  under  the  conditions  required  for  the  use  of  the  methods  at 
present  available — there  was  no  reason  to  doubt  that,  in  the  future, 
new  and  possibly  different  techniques  might  bring  more  mineral 
deposits  into  the  scope  of  geophysics. 

Dr.  A.  A.  Fitch*  said  that  the  present  day  was  not  a  period  of 
spectacular  mineral  discoveries  in  which  geophysical  methods 
played  a  large  part.  The  rate  of  discovery  by  any  technique  was 
not  especially  high — in  spite  of  the  considerable  shortages  of 
particular  metals  which  could  be  expected  to  stimulate  exploration. 

It  might  be  of  interest  to  examine  briefly  the  technical  matters 
which  might  be  responsible  for  such  a  state  of  affairs.  If  the 
literature  of  mining  geophysics  were  examined,  most  of  the 
projects  described  were  found  to  have  been  conducted  on  a  rather 
small  scale.  The  problem  assigned  was  usually  that  of  finding  the 
extension  of  an  orebody  or  searching  for  further  orebodies  near  to 
those  which  were  being  developed.  Such  discoveries  had,  of  course, 
to  be  checked  by  drilling  or  mining.  The  decision  which  manage- 
ment had  often  to  make  was  whether  to  employ  a  geophysical 
method  or  to  resort  directly  to  drilling  boreholes  sited  on  geological 
inferences  from  what  was  already  known.  Many  factors  would 
affect  such  a  decision,  but  at  best  the  geophysical  method  became 
a  tool  of  exploitation  of  a  known  field,  rather  than  a  method  of 
exploration  which  might  yield  spectacular  discoveries. 

By  far  the  greater  part  of  the  ores  mined  today  came  from 
fields  which  were  discovered  from  evidence  at  the  surface.  The 
next  phase  in  mineral  exploration  was  to  discover  the  fields  which 
presented  no  evidence  at  surface.    That  required  that  the  economic 

♦  Seismograph  Service,  Lt4. 
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geologist  specified  as  precisely  as  he  could  the  geological  environ- 
ment in  which  he  expected  to  find  the  ore  with  which  he  was 
concerned  ;  such  a  statement  required  long  and  careful  study,  and 
that  was*  perhaps  the  phase  of  the  work  of  collaboration  between 
economic   geologist  and  geophysicist   which  had   received   least 
attention.    Next,  the  problem  of  searching  for  such  a  geological* 
environment  was  considered  by  the  geophysicist ;  if  a  suitable 
method  were  available  it  would  be  employed  in  the  field.     Any 
suitable  environment  discovered  by  the  geophysical  survey  would 
be  examined  by  drilling  or  by  inore  detailed  geophysical  work, 
including  observations  in  the  boreholes.    The  function  of  manage- 
ment in  all  that,  apart  from  directing  the  operations  involved,  wah 
to  evaluate  the  chance  of  success  at  each  stage,  and  to  decide  whether 
the  project  was  justified.    What  was  the  chance  of  locating  ore  in 
the  environment  specified,  and  what  was  the  chance  of  the  geo- 
physicist discovering  such  an  environment  ?  What  size  of  orel)od\ 
was  likely  to  be  discovered,  and  what  was  it  likely  to  cost  to  mint' 
the  ore  ?    On  the  bases  of  such  estimates  the  risk  would  have  tf» 
be  calculated. 

He  asked   the  author  whether  there  were  examples  of  thai 
indirect  approach  to  the  problem  of  finding  new  mineral  fields. 

Professor  A.  Hubert  Cox*  said  that  there  was  now,  of  course. 
110  question  of  the  importance  of  geophysical  processes  when  used 
in  suitable  hands  and  in  suitable  areas.  It  was  necessarv  (mly  tn 
mention  the  extent  to  which  geophysics  was  used  in  the  search  f(»r 
oil.  It  had  always  struck  him  that  one  of  the  cases  Dr.  Bruck- 
shaw  had  mentioned — the  tracing  of  the  magnetic  shales  iu  th«* 
Witwatersrand  system,  where  they  were  under  the  cover  of  other 
rocks — was  a  very  brilliant  achievement.  There  the  surface 
structures  gave  no  hint  whatever  of  what  was  beneath,  and  ii 
would  have  taken  a  very  long  process  of  drilling  to  prove  all  that 
was  effected  by  geophysical  methods. 

One  difl&culty  in  that  subject  had  always  seemed  to  the  speake) 
to  be  the  different  methods  of  approach.  There  was  the  approach 
by  the  physicist  on  the  one  side,  and  on  the  other  the  approach 
by  the  mining  engineer  and  the  geologist,  and  often  they  spob- 
different  languages.  The  physicist,  of  course,  liked  his  equations, 
and  if  the  physicist  were  asked  how  a  certain  material  was  like]> 
to  behave,  he  at  once  enquired  what  was  the  size  of  the  body,  ho\\ 
deep  it  was,  and  what  was  its  susceptibility  or  conductivity.  T<i 
this  the  reply  often  had  to  be  made  that  the  size  and  depth  wer«- 
not  known,  and  that  the  susceptibility  probably  varied  enormously, 
owing  to  variations  in  the  composition  of  the  body.  He  himself 
was  fortunate  in  being  associated  with  a  physicist  whose  help  wa> 
very  valuable,  since  he  realized  that  in  any  case  the  ob8ervation> 
he  was  making  were  only  approximations,  and  so  he  did  not  mind 
if  the  mathematical  results  had  to  be  manipulated  in  order  tn  ^ri 
^onie  sort  of  general  picture. 

*  Department  of  Geology,  University  College,  Cardiff. 
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It  was  in  all  cases  important  that  observations  should  be  checked 
by  the  geologist  or  the  mining  engineer.  In  earlier  years  of  those 
studies  the  subject  fell  into  disrepute  in  some  parts  of  Canada  by 
the  appearance  of  certain  companies  who  undertook  to  make  a 
survey  of  an  area,  using  in  many  cases  a  rather  quick  high-frequency 
electrical  method,  and  handed  in  their  results  saying,  '  Here  is  the 
disturbed  area,  and  it  is  up  to  you  to  test  it '.  In  several  cases 
what  was  found  was  nothing  more  than  a  bog. 

The  speaker  illustrated  on  the  blackboard  one  example  of  the 
manner  in  which  a  magnetic  'survey  had  been  conducted  for 
experimental  purposes.  The  man  who  had  done  that  had  identified 
the  high  spots  scattered  about  in  the  area.  That,  of  course,  was 
very  simple.  He  had  then  proceeded  to  draw  contour  lines  around 
those  high  spots.  When  the  area  came  to  be  investigated  geologic- 
ally it  was  found  that  the  principal  peaks  had  no  physical  connec- 
tion one  with  the  other  at  all.  It  proved  to  be  an  area  where  there 
had  been  great  horizontal  thrusts  of  alpine  type  and  consequently 
there  might  be  one  orebody  at  a  high  level  giving  rise  to  one  of 
those  magnetic  peaks,  and  far  down  below  another  body  with  no 
structural  connection  with  the  higher  mass.  The  original  magnetic 
picture  was  most  deceptive  from  the  poiut  of  view  of  actual 
prospecting,  though  a  later  magnetic  survey,  taking  the  geological 
structures  into  consideration,  proved  most  valuable. 

With  regard  to  the  difl&culty  of  the  physicist  and  the  mining 
engineer  speaking  different  languages,  he  had  found  it  difficult  in 
the  case  of  the  earlier  text-books  on  geophysical  surveying  to 
discover  any  book  he  could  reconnnend  to  students  to  study  the 
subject  quickly.  The  books  were  apt  to  be  devoted  to  the  tht^ories 
on  which  the  apparatus  was  constructed.  But  one  did  not  always 
need  to  know  the  theory  on  which  an  apparatus  worked  in  order 
to  use  it.  It  was  not  necessary  for  the  motor-car  driver  to  under- 
stand  the  th(H)ry  on  which  the  car  was  run.  In  the  field  one  soon 
found  where  *  anomalies  '  t)ccurred  ;  and  one  could  test  them 
against  the  local  geology  and  then  proceed  further. 

Mr.  Gilbert  McPherson  said  that  geophysics  was  rathiT  a 
controversial  subject  and  at  the  same  time  one  of  wide  interest. 
Having  just  returned  from  abroad  \u>  had  not  had  time  to  prepare 
his  considered  views  and  his  remarks  might  therefore  be  rather 
abrupt.  While  congratulating  the  author  on  bringing  forward  the 
paper  he  thought  that  the  treatment  was  not  really  in  sufficiently 
sombre  tones.  Geophysics  had  grown  up  from  its  early  stage  of 
infancy  and  it  was  surelv  time  to  consider  coldlv  how  far  the  claims 
made  on  its  behalf  were  justified  as  regards  the  metalliferous 
mining  industry.  Field  exploration  by  geophysical  methods  was 
an  expensive  matter  and,  after  all,  the  mining  engineer's  essential 
purpose  in  life  was  not  geology  or  physics  but  to  fmd  and  exploit 
profitable  ores  and  to  lind  them  by  the  cheapest  methods.  In  his 
view  it  was  extremely  rarely  that  profitable  orebodies  had  been 
found  by  geophysical  methods. 
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For  25  years  he  had  watched  the  progress  of  geophysics  fairly 
closely,  noting  not  only  the  actual  discoveries  of  value  made  by 
those  methods  but  also  the  discoveries  which  proved  to  be  negative 
or  non-economic.  As  a  result  of  his  observations  he  concluded 
that,  save  in  very  special  instances,  geophysics  had  not  proved  tn 
be  useful.  They  would  all  remember,  for  example,  the  discovery 
of  the  Ehodesian  copper  fields.  A  great  deal  of  expensive  geo- 
physical work  was  carried  on  there,  but  he  did  not  know  of  any 
useful  discovery  there  due  to  that  type  of  prospecting.  On  the 
other  hand,  several  bodies  of  graphite  schist  were  found  and  there 
was  one  discovery  of  serpentine  which  had  not  previously  been 
located  for  several  hundred  miles  in  auv  direction.  In  certahi 
special  cases  geophysics  could  be  particularly  useful,  where  there 
was  a  strongly  magnetic  or  good  conducting  orebody  covered  by  a 
few  tens  of  feet  of  gravel,  moraine,  or  other  similar  shallow  cover. 
The  lead-zinc  mines  of  Newfoundland  seemed  to  be  an  instance  of 
that.  Similarly,  in  Sweden  certain  valuable  lertses  of  auriferoun 
copper  sulphides  and  certain  iron  bodies  had  been  traced  or  located 
successfully  under  shallow  cover.  But  over  hundreds  of  cases  it 
seemed  that  geophysical  methods  had  mostly  failed  to  yield 
dividends  and  in  the  ultimate  analysis  it  was  dividends  that  must 
be  sought. 

He  spoke  of  one  of  the  most  prominent  cases  quoted  in  recent 
years — namely,  the  tracing  of  magnetic  shales  on  the  Rand  to 
indicate  the  position  of  auriferous  banket  beds.  It  had  been 
claimed  that  magnetic  methods  had  established  the  location  i)f 
valuable  deposits,  but  those  engineers  who  were  old  enough  and 
knew  the  circumstances  would  remember  that  that  particular  area 
had  its  general  structure  revealed  by  ordinary  geological  methods 
and  by  certain  drill-holes  long  before  the  geophysical  methods  were 
used.  It  seemed  to  him  that  the  magnetic  methods  there  had  been 
a  useful  auxiliary.  Another  field  in  which  geophysical  methods 
had  been  widely  used  was  in  the  new  goldfield  in  that  neighbour- 
hood. The  geophysical  methods  there  initially  scored  a  bull,  right 
in  the  centre  of  the  target,  for  which  ample  credit  should  be  given, 
but  the  negative  side  had  had  little  mention  -namely,  that  large 
areas,  later  showif  to  be  probably  of  high  economic  value,  had  been 
dropped  on  consideration  of  the  geophysical  data. 

He  did  not  know  of  any  ordinary  type  of  orebody  containing  only 
lead  and  zinc  sulphide  minerals  occurring  under  normal  conditions 
in  which  the  orebody  could  be  definitely  located  by  geophysical 
methods.  Last  year  he  had  read  a  report  of  the  tonnage  of  such 
ores  which  had  been  proved  by  geophysical  methods,  but  he  did 
not  know  how  it  was  done  and  was  inclined  to  think  that  the  use 
of  the  word  *  proved  '  was  incorrect  in  that  connection.  He  had 
noticed  that  in  Canada  geophysical  methods  had  shown  a  literally 
enormous  number  of  fissure  zones,  but  those  present  knew  that  it 
was  only  after  finding  a  fissure  zone  that  the  real  trouble  and 
♦»xpense  in   exploration  connnenced.     One  had  still   to  find  \W 
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iirebody.  As  a  further  example  he  mentioned  a  case  in  Jugoslavia 
where  geophysical  methods  were  applied  as  a  test  on  one  property 
over  a  known  orebody  which  was  correctly  indicated,  but,  when 
applied  to  a  neighbouring  property,  with  certain  similarities, 
proved  to  give  fallacious  indications.  Drilling  of  the  strongest 
tinonialy  showed  a  greenstone  mass. 

He  emphasized  his  beUef  that  for  most  instances  the  ordinary 
methods  of  prospecting  by  geological  examination  combined  with 
trenching  and  shallow  underground  work  followed  by  drilling  and 
deeper  underground  work  was  the  cheapest  method.  The  onh 
possible  result  from  geophysical  work  was  a  map  showing  anomalies, 
sometimes  masses  of  anomalies,  but  one  could  not  mine  anomalies, 
it  was  necessary  then  to  start  in  by  the  usual  methods  to  find  out 
what  those  anomalies  meant. 

He  could  quote  a  number  of  cases  but  he  would  only  say  that 
while  in  oil  exploration  there  was  no  (Question  whatsoever  of  the 
value  of  geophysical  methods,  in  mining,  in  looking  for  orebodies. 
tliOHe  methods  were  a  doubtful  weapon.  There  had  been  hundreds 
«»f  cases  of  geophysical  work  being  carried  out  with  few  successes. 
He  considered  that  geophysical  methods  should  only  be  employed 
under  the  control  of  an  experienced  geologist  who  thoroughly 
iiiiderstood  their  Umitatioiis. 

Mr.  W.  BuUerwell'*'  said  that  he  had  not  intended  to  participate 
111  the  discussicm,  but  the  last  speaker  had  stung  him  to  action. 
( ieophvsicists  would  agree  that  orebodies  could  not  be  distinguished 
frouj  materials  which  had  similar  physical  properties  and  w^hieh 
might  occur  close  to  the  ore.  Dr.  Bruckshaw  had  explained  the 
lack  nf  specific  recognition  of  any  material  by  physical  measure- 
ments at  the  surface.  Nevertheless,  the  determination  of  structures 
rould  l»e  made.  If  it  were  known,  for  example,  'that  an  ore-field 
was  terminated  by  a  boundary  fault,  it  was  probable  that  use  of  a 
iTHophysical  method  would  locate  the  fault.  Again,  if  it  were 
known  that  deposits  were  n*lated  to  an  anticline  it  might  be  possible 
i»v  geophysical  methods  to  trace  the  axis  of  that  anticline.  He  was 
e.onvinced  that  in  mining  geology,  as  in  oil  geology,  the  accurate 
determination  of  such  structures  was  of  great  importance  and  in 
many  cases  could  he  done  by  geophysics. 

On  some  problems  it  was  important  to  use  all  the  geophysical 
methods  applicable.  The  gravitaticmal  method,  for  example,  gave 
an  ambiguity  of  interpretation.  The  electrical  method  also  gave 
Jin  ambiguity.  Nevt'rtheless,  the  nature  of  the  ambiguities  in  the 
f  wo  cases  might  not  be  identical,  and  therefore  it  might  be  possiblf* 
In  resolve  them  by  comparing  the  anomalies  obtained  using  the 
I  wo  different  metliods.  He  thought  that  very  often  attempts  had 
been  made  to  carry  out  mining  explorations  using  only  one  geo- 
physical method,  perhaps  leaving  all  its  ambiguities  to  be  resolved 
i»y  a  singl(»  bore-hole,  when  a  sounder  interpret ati(m  could  have 
be»*n  made  had  more  geophysical  methods  been  employed.     Quite 
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frequently  in  making  surveys  he  himself  had  wished  to  re-examine 
HU  anomaly  by  a  second  method.  In  some  cases  that  had  been 
done  successfully,  but*  there  would  be  cases  where  ambiguities  had 
to  be  resolved  by  drilling. 

He  thought  that  all  geophysics  in  the  field  should  commence  in 
a  locality  of  accurate  geological  information,  and  that  as  the  survey 
was  developed  every  effort  should  be  directed  to  keeping  that 
information  up  to  date  so  that  the  interpretation  was  made  in  the 
light  of  the  best  geological  information  available. 

Man}'  geophysicists  themselves  treated  a  survey  primarily  as  a 
method  of  revealing  anomalies,  thus  indicating,  as  Dr.  Bruckshaw 
had  said,  areas  of  unusual  physical  behaviour,  and  those  should 
then  be  tested  by  drilling.  Often,  because  of  the  ambiguities,  a 
general  survey  to  reveal  the  major  anomalies  was  advisable.  The 
luain  anomaly  should  be  drilled  or  otherwise  investigated,  and 
further  geophysical  work  depended  on  the  results.  The  first  drill 
might  show  how  the  anomaly  was  related  to  the  ore  being  sought 
f>r  to  some  other  feature,  and  the  survey  might  then  be  carried  on 
with  modified  detail. 

Sir  Lewis  Fermor  thought  the  author  had  been  unusually 
gloomy  at  the  end  of  his  paper  and  he  was  sorry  Mr.  McPheraon 
should  have  thought  it  necessary  to  increase  that  gloom.  By 
pointing  out  the  drawbacks  of  geophysical  methods  the  author 
was  really  strengthening  the  position  of  geophysics  by  making 
thenj  all  sympathetic  towards  his  subject  and  leading  them  to 
consider  in  what  way  geology  could  help  geophysics,  realizing,  of 
rourse,  that  action  and  reaction  were  equal  and  opposite  and  that 
tunsequently  geophysics  would  help  geology. 

Dr.  Bruckshaw  had  ascribed  to  the  geophysics  *  baby  'an  ag«*  of 
•  Milv  20  years. 

Dr.  Bruckshaw :  Roughly. 

Sir  Lewis  Fermor  thought  that  he  was  unaware  of  the  hist  or  \ 
of  geophysics  as  a  whole,  especially  of  the  magnetic  methods.  In 
1910  the  speaker  was  in  Sweden  and  visited  the  iron  ore  fields  of 
Lapland.  At  Kirunavara,  which  was  the  biggest  deposit,  he  was 
shown  a  map  depicting  the  results  of  a  magnetometrie  survey  of 
the  underground  continuation  of  the  ore  deposit.  Ho  had  not  heard 
that  those  magnetometrie  surveys  had  disappointt^d  the  Swedes  in 
their  results. 

He  then  went  on  to  describe  how,  on  returning  to  India,  he  decided 
<o  see  what  could  be  done  with  the  magnetometrie  testing  of 
manganese  ore  deposits  in  the  Central  Provinces  :  for  he  had 
already  discovered  that  certain  manganese  minerals  were  magnetic 

-e.g.  braunite,  sitaparite,  and  vredenburgite.  He  went  to  the 
Survey  of  India  to  see  what  instruments  they  had,  and  from  them 
he  extracted  a  dipping  needle  which  he  took  to  the  Central 
Provinces.  He  took  readings  both  on  manganese  ore  deposits 
ijnd  on  adjoining  outcrops  of  gneisses  and  schists,  and  fovvwd  VW 
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most  surprising  dififerences.  He  had,  however,  never  pubUshed  an 
account  of  the  work,  because  he  could  not  get  the  instrument  to 
read  consistently,  due  to  the  balance  weight  of  the  needle  always 
getting  out  of  adjustment  on  the  railway  journey  from  Calcutta 
to  the  field.  Nevertheless,  a  geophysical  method  was  thus  applied 
to  the  manganese  ore  deposits  of  the  Central  Provinces  as  long  ago 
AS  1911-12.  He  had  long  thought  that  there  was  scope  for  the  use 
of  magnetometric  methods  in  the  study  of  such  deposits,  and  the 
Geological  Survey  of  India  and  the  Survey  of  India  had  in  recent 
years  used  magnetic  methods  to  test  the  extension  of  manganese 
deposits  in  the  Central  Provinces.* 

He  himself  had  in  mind  the  following  type  of  experiment.  One 
very  valuable  manganese  ore  deposit  had  been  cut  off  by  an  igneous 
intrusion.  The  mine  was  now  apparently  finished.  He  felt  that 
that  was  a  case  for  a  magnetometric  survey  ;  should  anomalies  be 
thereby  revealed,  the  known  geological  facts  would  justify  a  boring 
to  discover  whether  the  anomalies  pointed  to  the  position  of  the 
remainder  of  the  deposit. 

Water  could,  of  course,  be  found  by  the  use  of  resistivity  methods, 
and  in  Southern  Ehodesia  the  Irrigation  Department,  which  was 
a  section  of  the  Agricultural  Department,  was  now  using  resistivity 
tests  to  discover  sites  for  wells  for  farmers.  The  farmer  was 
charged  one  fee  if  the  result  was  successful,  and  a  smaller  fee  if  it 
was  unsuccessful,  tSe  Department  thus  displaying  its  experience 
of  the  usefulness  of  this  method  of  prospecting  for  water. 

Mr.  J.  E.  R.Woodt  said  that,  as  Dr.  Bruckshaw  had  stated,  nearly 
all  geophysical  methods  had  been  developed  to  the  state  where  the 
general  background  was  recorded.  In  some  circumstances  a  part 
of  this  background  was  removable  from  the  observations.  The 
example  quoted  for  electrical  methods,  and  illustrated  in  Fig.  8, 
was  applicable  to  a  certain  extent  to  both  magnetic  and  gravity 
methods.  If  the  background  were  due  to  an  unwanted  body  which 
gave  an  anomaly  of  long  period  compared  with  that  of  the  wanted 
body,  then  the  former  could  be  largely  eliminated. 

In  the  magnetic  method  a  part  of  the  background  might  be 
due  to  near-surface  variations  of  magnetic  properties  which  were 
unpredictable,  but  their  effect  might  be  considerably  reduced  by 
the  employment  of  an  airborne  magnetometer  rather  than  a 
surface  magnetometer. 

When,  however,  the  un-removable  background  level  had  been 
reached  no  further  increase  in  the  sensitivity  of  the  instruments 

*  See  Dessai',  O.  Ptwt  and  future  of  exploration  geophysics  in  India. 
Trans.  Min.  Geol.  Metall.  Inst.  Ind.,  Vol.  43,  1947,  pp.  41-66,  for  a  review 
of  work  done  on  this  subject  in  India.  From  this  the  speaker  discovers 
that  tho  records  of  the  Geological  Survey  of  India  show  that  his  first 
attempt  to  apply  magnetic  methods  of  study  to  Indian  manganese  deposits 
dates  from  1006,  when  the  dipping  needle  mentioned  was  ordered  on  his 
recommendation. 

+  Anglo-Iranian  Oil  Co.,  Ltd. 
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eiuployed  was  of  any  value  and  new  methods  must  be  sought  to 
obtain  advances  in  prospecting.  In  that  connection  an  article 
by  W.  M.  Barret  in  World  Petroleum,  for  March,  1949,  was  of 
interest.  It  described  a  small  radio  transmitter,  operated  on  the 
sorface  of  the  ground,  which  yielded  a  strongly-received  signal  in 
a  salt  mine,  after  passing  through  1,200  ft.  of  sedimentary  rocks. 
That  could  lead  to  the  development  of  prospecting  for  orebodies 
by  the  reflection  from  them  of  electro-magnetic  waves. 

Dr.  T.  Pickering  said  that  he  approached  the  subject  from  a 
mining  geologist's  angle.  He  was  not  a  geophysicist,  but  had  had 
practical  experience  of  geophysics  and  was  of  the  opinion  that  a  good 
deal  could  be  said  for  the  methods  in  the  search  for  metals  when 
they  were  properly  allied  with  geology.  If  one  succeeded  in 
concentrating  the  area  of  search  by  geophysical  means,  one  was 
cutting  down  the  cost  of  prospecting.  That  was  all  that  geophysics 
was  doing  for  oil  and  it  was  being  done,  on  a  smaller  scale,  in  the 
search  for  minerals.  It  was  very  rare  that  metallic  minerals  could 
bo  directly  located  by  geophysics,  but  many  cases  could  be  quoted 
where  considerable  saving  in  prospecting  costs  could  be  attributed 
to  the  information  which  it  had  given  to  the  geologist. 

He  had  carried  out  a  number  of  geophysical  surveys  recently 
and  had  come  to  several  conclusions  as  to  the  way  they  should  be 
conducted.  First,  the  survey  should  be  controlled  and  supervised 
by  a  geologist.  The  survey  should,  generally  speaking,  include 
several  geophysical  methods,  for  it  was  found  in  practice  that 
each  method  contributed  to  the  sum  total  of  information,  or 
cross-checked  the  results  of  other  methods.  With  regard  to  the 
first  point,  the  ideal  geophysicist  would  be  one  who  was  also  a 
geologist,  but  that  combination  was  exceedingly  rare.  Failing  that, 
it  was  necessary  to  have  a  geologist  trained  in  the  practice,  inter- 
pretation, and — as  far  as  possible — the  theory  of  geophysics. 
He  should  be  the  man  to  direct  the  survey. 

On  the  question  of  costs — a  field  party  that  he  had  handled 
recently  consisted  of  one  geophysicist,  three  field  observers,  two 
surveyors,  and  a  geologist  in  charge  of  the  operation.  That  survey 
cost  £400  a  month  in  salaries,  a  low  figure  because  it  was  possible 
to  use  inexperienced  men  as  field  observers,  with  as  little  as  two 
months'  training  in  the  operation  of  their  instruments.  The  prime 
cost  of  instruments  for  a  magnetic,  electrical,  and  gravimetric 
survey  was  about  £3,000  and,  depreciating  that  over  a  two-year 
programme  of  field  work,  a  company  operating  in  an  area  with 
cheap  native  labour,  and  for  an  all-in  cost  of  about  £900  p<*r  month, 
could  produce  a  monthly  output  of  some  2,500  magnetic  stations, 
1,000  electric,  and  700  gravimetric  stations,  together  with  the 
geological  interpretation  and  maps.  He  felt  certain  that  the 
companies  concerned  with  the  work  he  had  carried  out  did  not 
regret  the  expenditure,  for  the  economic  results  had  been  encourag- 
ing, although  several  years  might  be  needed  before  the  full  assess- 
ment of  their  value  could  be  made. 
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Dr.  K.  C.  Dunham  said  that  he  was  not  a  geophysicist,  but 
geophysical  investigations  had  been  carried  out  in  connection  with 
Home  of  his  earlier  geological  work,  and  it  might  be  of  some  interest 
to  the  Institution  to  hear  something  of  work  done  in  Great  Britain. 
Li  the  Furness  district  it  would  be  recalled  that  haematite  depositK 
occurred  in  depressions  in  the  Carboniferous  Limestone,  sometimes 
a8  much  as  600  ft.  in  depth,  with  a  central  core  of  soft  sand.  Those 
deposits  offered  a  useful  target  for  the  indirect  method  of  geo- 
physical investigation,  by  workmg  out  the  boundary  between  the 
hard  rock — in  that  case  the  haematite — and  the  soft  sand.  He 
thought  that  had  seismic  methods  been  appUed  to  that  district 
at  an  early  stage  they  would  have  had  considerable  success.  As  it 
was,  they  were  not  applied  until  about  1936,  and,  although  two 
depressions  were  found,  when  they  were  drilled  it  was  discovered 
that  they  were  merely  lined  with  sand.  The  experience  showed, 
however,  that  for  that  type  of  deposit  an  indirect  method  could 
have  been  used  successfully.  Later  on  magnetic  observations 
were  carried  out  over  the  haematite  deposits  by  Dr.  A.  F.  HaUimond. 
Mr,  A.  J.  Butler,  and  others,  using  very  small  anomalies,  and  it 
Mas  found  that  a  proved  body  could  be  outlined  by  that  method 
with  a  cover  of  only  about  60  ft.  of  drift.  The  method  was  applied 
successfully  in  locating  a  small  but  economic  orebody  at  the 
Xewton  mine.  A  ccmsiderable  amount  of  additional  work  was  dont* 
ill  war-time,  but  it  was  not  all  followed  up,  and  in  some  cases  the 
if^aults  were  unsuccessful. 

With  regard  to  lead  and  zinc,  he  referred  to  resistivity  work 
t-arried  out  in  East  Allendale  for  Wc^ardale  Lead  Co.  by  a  (German 
hrm.  That  unfortunately  was  faced  with  too  compHcated  a  ])rob- 
leui  to  be  capable  of  solution  by  the  method  used  and  was  a  warning 
against  the  application  of  comparatively  simple  methods  to 
(•(miplex  problems.  The  country  rocks  were  an  alternating  series  of 
limestones,  sandstones,  and  shales,  traversed  by  a  deep  glacial 
washout.  Jjead  ore  occurred  in  veins  and  metasomatic  tiats  in  the 
Jimestoue.  What  the  resistivity  method  indicated  as  possible 
orebodies  were  afterwards  discovered  to  be  approximations  to 
the  course  of  the  washout.  He  agreed  with  Mr.  McPherson  that  in 
that  instance*  the  experiment  proved  a  costly  one. 

About  the  same  time  there  was  in  the  Derbyshire  district  some 

ft- 

js'eophysical  work  being  done  in  the  Mill  Close  area.  He  believed 
that  some  form  of  higli-frequency  electrical  method  was  used 
there,  hut  he  did  not  think  it  w^as  ever  established  whether  it 
was  really  a  success.  It  led  to  the  abortive  Mawston  exploration, 
north-west  of  Mill  Close. 

More  recently  still,  in  the  northern  Pennines,  the  (ieological 
Survey  had  used  the  magnetic  method  primarily  for  mapping 
purposes.  The  object  was  strictly  to  find  the  courses  of  faults  t(» 
which  were  related  lead-zinc  and  barytes  deposits.  The  use  of  that 
method  depended  on  the  shift  of  the  Whin  Sill  quartz-dolerite. 
which  revealed  the  fault -lines  by  striking  anomalies  in  the  magnetic 
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field.  The  faults  could  be  followed  considerable  distances  by  means 
i)f  geophysics  where  the  surface  geology*  was  completely  obscured 
by  drift.  In  the  case  of  the  south-westward  extension  of  the 
Botherhope  Fell  vein  geophysics  gave  unambiguous  evidence  that 
the  fault  did  go  on.  Another  case  was  the  Closehouse  barytes 
property,  an  account  of  the  geophysical  investigation  of  which, 
by  Dt.  Hallimond  and  Mr.  Butler,  was  shortly  to  appear.  But, 
of  course,  none  of  those  investigations  led  directly  to  the  discover}' 
<»f  ore.    They  merely  amphfied  the  geological  picture. 

He  would  contribute  one  point  to  the  argument  raised  by  Mr. 
^lePhersou.  At  the  International  Geological  Congress  last  year, 
ill  the  course  of  the  discussion  on  the  geological  results  of  applied 
geophysics,  an  account  had  been  given  of  the  location  by  gravity 
methods  of  an  economic,  although  not  large,  lead-zinc  orebody 
^i!  Piiios  Altos,  New  Mexico. 

Dr.  A.  W.  Groves  said  that,  although  the  science  of  geophysics 
WHS  still  comparatively  new,  the  body  of  literature  attaching  to  it 
was  already  quite  considerable.  Many  papers  had  been  largely 
-<M>ijc*erned  with  the  search  for  oil,  the  application  of  particular 
methods,  or  recording  the  results  of  geophysical  surveys,  but 
apparently  few  had  been  addressed  specifically  to  reviewing  the 
relationship  of  geophysics  to  geology  and  mining.  However,  of 
paper!<  in  that  latter  group  the  one  they  were  discussing  that 
♦^veninji^  was  one  of  the  very  best,  and  mining  engineers  and 
>^eologists  in  general  would  be  indebted  to  Dr.  Bruckshaw.  The 
author  had  been  quick  to  emphasize  that  a  collection  of  geophysical 
data  alone  was  of  small  value  and  that  combined  with  all  the 
^eolo^ical  knowledge  available  for  the  district  it  was  of  nmch 
greater  value  ;  but  it  was  only  when,  in  addition,  mining  engineers 
ami  economic  geologists  got  together  and  tested,  either  by  drill  or 
iniderground  exploraticm,  the  further  problems  that  might  thftn 
br  indicated  that  they  were  going  to  reap  the  full  harvest. 

Although  Dr.  Bruckshaw  was  dealing  with  fundamental  matters, 
lir  had  proved  himself  expert  in  confining  his  attention  to  those 
♦•ssential  to  his  argument.  The  paper  was  of  particular  value  not 
4inK  ill  giving  to  those  mining  engineers  who  were  relatively 
unacijuainted  with  geophysics  some  insight  into  the  principal  factors 
I'ontroHing  the  choice  of  methods  most  suitable  for  a  certain 
})rol)leni.  but  also  in  drawing  their  attention  to  the  shortcomings 
and  difficulties  of  interpretation  of  the  results. 

That  there  might  sometimes  be  interpretative  difficulties,  even 
wiien  a  fair  amount  of  geological  information  was  available, 
♦'inphasized  the  futihty  of  attempting  to  interpret  geophysical 
results  alone.  Nevertheless,  failure  in  the  past  to  realize  some 
of  the  shortcomings  and  ambiguities  of  those  methods,  or  the 
use  of  methods  ill-suited  to  the  problem  in  hand,  had  sometimes 
led  to  the  opposite  extreme  of  unjustifiable  scepticism.  Once 
the  geophysicist  had  located  a  sizable  anomaly  for  which  no 
indubitable  explanation  could  be  given,  it  was  up  to  the  economvc 
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geologist  and  ininiug  engineer  to  ascertain  the  cause.  It  was  ofteu 
easy  to  indicate  the  presence  of  something  different,  but  so  difficult 
to  prognosticate  its  identity  with  any  degree  of  certainty. 

Turning  to  the  magnetic  method,  the  one  with  which  the  speaker 
had  had  field  experience  and  the  one  usually  regarded  as  the 
cheapest  and  most  easily  applied,  it  was  good  to  see  that  Dr. 
Bruckshaw  stressed  the  complications  arising  from  the  combined 
effects  of  the  permanent  and  induced  magnetism  that  were  both 
noticeably  present  not  only  in  magnetic  orebodies  but  in  many 
igneous  rock  bodies.  It  was  perhaps  the  geologist  who  was  apt  to 
overlook  the  effects  of  induced  magnetism  arising  from  the  earth's 
field,  while  the  geophysicist  might  be  more  apt  to  fail  to  link  up 
the  abnormalities  of  an  anomaly  with  the  partial  dislocation  and 
faulting  of  an  orebody.  Was  it  not  possible  that  the  upper  end  of 
an  orebody  might  be  broken  into  segments  by  earth  movements, 
and  each  segment  displaced  the  same  way  with  respect  to  each 
other  so  that  in  the  result  the  axis  of  elongation  of  the  orebody, 
say  of  magnetite,  had  been  rotated  appreciably  away  from  its 
original  position  ?  In  such  a  case  niight  not  the  difference  in 
orientation  of  the  main  axis  of  the  magnetic  anomaly  and  that  of 
the  outcrop  or  upper  end  of  the  orebody  become  considerable  ? 
Only  on  some  such  lines  it  would  seem  could  the  case  of  a  magnetite 
orebody  in  Shetland  be  explained.  That  magnetite  orebody  which 
he  had  surveyed  in  detail  for  the  Ministry  of  Supply — but  the 
results  of  which  had  not  been  published — had  a  N.-S.  outcrop  some 
•200  ft.  long  (slightly  but  progressively  side-stepped  by  faults  of 
small  displacement)  and  averaged  about  10  ft.  in  width  and  dipped 
at  60°.  When  the  outcrop  was  stripped  of  its  partial  cover  of  peat 
and  drift  it  was  found  that  the  outcrop  and  innermost  zones  of  the 
anomaly,  when  plotted  on  the  same  sheet,  crossed  one  another 
near  the  middle  like  the  blades  of  a  half-open  pair  of  scissors  ! 
The  difficulties  in  intercepting  similar  but  concealed  orebodies  by 
boreholes  based  on  the  indications  of  iiiagn(»tic  anomalies  alone 
were  manifest. 

Dr.  Bruckshaw  also  mentioned  other  difficulties  sometimes  attach- 
ing to  the  interpretation  of  magnetic  anomalies  and  emphasized 
that  they  were  more  difficult  to  interpret  than  gravity  anomalies, 
to  which  they  were  related.  Obviously  the  number  of  strongly 
magnetic  orebodies  was  strictly  limitcKl  to  a  very  few  minerals. 
In  other  easels  the  ore  sought  might  contain  a  certain  amount  of 
strongly  magnetic  mineral,  or  the  ore  might  be  associated  with  or 
related  in  a  definite  manner  to  a  magnetic  geological  horizon.  For 
these  reasons  the  author  was  right  in  concluding  that  the  magnetic 
method  was  mainly  indirect  in  its  application  ;  nevertheless  the 
tracing  of  a  magnetic  or  marker  horizon  could  be  of  the  greatest 
value  in  outlining  concealed  geological  structures. 

AVith  regard  to  speed  of  operation,  the  author  stated  (p.  19)  that 
'  ill  open  country  some  20  to  30  magnetic  stations  at  close  intervals 
(25-50  ft.)  can  be  made  per  hour  by  a  skilled  man  *.    Dr.  Bruckshaw 
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was  here  preflumably  referring  to  the  magnetic  balance  type  of 
instrument,  and  was  assuming  that  the  traverse  lines  had  already 
been  laid  out,  and  the  station  intervals  marked.  It  was  remarkable, 
however,  the  way  gorse,  brambles,  or  peat  increased  the  time  taken 
in  levelling  the  magnetometer  and  so  increased  operating  time 
generally.  Under  such  conditions  12  to  16  stations  an  hour  might 
be  very  good  going.  The  Thalen-Tiberg  magnetometer  could  be 
operated  somewhat  more  rapidly  but,  owing  to  its  much  lower 
sensitivity,  its  usefulness  was  largely  limited  to  strongly  magnetic 
subjects. 

Mr.  T.  Dewhurst  said  that  the  remarks  of  Sir  Lewis  Fermor 
had  reminded  him  of  the  early  introduction  of  geophysical  methods 
to  prospecting  for  oil.  The  Egbell  oilfield,  situated  in  the  Vienna 
basin,  was  discovered  in  1917,  and  the  application  of  geophysics  to 
the  search  for  oil  dates  from  the  recognition  that  that  oilfield  was 
situated  on  a  torsion  balance  *  high  '.  Professor  de  Bockh  was  the 
first  to  recognize  this  coincidence  and  to  appreciate  its  significance, 
and  after  the  1914-1918  war  he  visited  Great  Britain  to  explain  to 
the  speaker  that  new  weapon  in  the  armoury  of  the  petroleum 
geologist.  The  torsion  balance  was  soon  widely  used  in  the  search 
for  oil  :  it  was  followed  in  due  course  by  the  introduction  of  the 
seismic  refraction  method  and,  later,  by  the  seismic  reflection 
method.  That  war  gave  a  tremendous  impetus  to  the  search  for  oil 
and  the  three  geophysical  methods  were  pressed  into  service,  being 
well  established  by  1924.  It  is  noteworthy  that  the  introduction  of 
each  method  was  followed  by  a  spate  of  new  oilfield  discoveries. 

The  speaker  then  referred  at  some  length  to  several  incidents 
which  indicated  that  in  those  early  days  somewhat  extravagant 
claims  were  made  for  geophysical  methods,  which  were  expected  to 
supersede  and  displace  geological  methods  of  search.  However, 
experience  in  due  course  demonstrated  that  the  best  results  were 
obtained  by  the  closest  possible  collaboration  between  geologists  and 
geophysicists.  There  could  be  no  doubt  tliat  geophysical  methods 
had  been  of  immense  value  in  the  search  for  petroleum  deposits 
and  that  fortunate  result  was  probably  due  largely  to  the  fact 
that  the  structural  and  stratigraphical  conditions  favourable  for  oil 
accumulation  were  relatively  simple  and  that  usually  the  targets 
were  of  considerable  size.  He  had  no  experience  of  the  application 
of  geophysical  methods  to  mineral  prospecting,  but  it  appeared  that 
the  geological  envirormient  of  mineral  occurrence  was  far  more 
complex  than  was  the  case  with  oil  and  that  the  application  of  geo- 
physical methods  was,  therefore,  much  more  difiicult  and  uncertain. 
That  consideration  doubtless  explained  the  somewhat  pessimistic 
treatment  of  the  subject  in  the  paper,  which  he  had  read  with  great 
interest. 

He  was  interested  in  Fig.  6  of  the  paper,  as  that  presented  a 
simple  and  straightforward  picture  of  the  results  of  a  torsion  balance 
survey  carried  out  in  the  Orange  Free  State.  He  had  been  somewhat 
impressed  with  the  torsion  balance  and  would  hke  to  ask  Dr. 
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Bruckshaw  to  what  extent  the  reBnItR  had  been  confirmed   by 
subsequent  drilling  operationR. 

Dr.  Bruckshaw  said  he  was  speaking  from  memory,  so  that  he- 
did  not  wish  to  be  dogmatic,  but  he  thought  that  the  drill-holH> 
put  down  on  the  gravitational  low  entered  the  important  sequence 
of  rock  at  a  depth  of  900-1,000  ft.,  in  comparison  with  a  thicknessv 
of  several  thousand  feet  elsewhere. 

Mr.  A.  £.  Gunther  said  that  he  hoped  he  was  not  drawing  a 
red  herring  across  a  highly  technical  discussion,  but  be  would 
like  to  refer  to  a  recent  letter  in  a  technical  journal  in  which  Dr. 
Bruckshaw  made  an  unanswerable  case  for  the  expansion  of  geo- 
physical surveys  in  the  Colonies.  It  was  gratifying  to  read  from 
time  to  time  of  the  interest  shown  bv  (Tovernment  officials  in 
geophysical  surveys,  but  he  thought  that  progress  had  been  slow. 

It  was  clear  from  the  past  that  Government  departments  were 
not  always  competent  to  handle  highly  technical  problems.  The 
question  in  that  case  seemed  rather  to  be  one  of  the  appropriate 
authority  in  the  country.  Who,  for  example,  was  responsible  for 
seeing  that  geophysics  was  employed  in  Colonial  Surveys  ?  In  the 
last  year  an  Assistant  Director  (Air)  had  been  appointed  to  the 
Directorate  of  Colonial  Geological  Surveys.  The  speaker  would 
welcome  the  appointment  of  an  Assistant  Director  for  Geophysics. 

It  would,  of  course,  be  a  mistake  to  create  a  separate  institution 
for  that  purpose,  because  it  was  essential  that  geolog;^'  and  geo- 
physics should  go  hand  in  hand.  The  ideal  solution  would  he 
integration  between  the  British  and  Colonial  Geological  Surveys 
and  a  Department  of  (Teophysics  established  to  serve  both.  That 
opinion  seemed  to  be  increasingly  shared  among  Colonial  geologists, 
who  were  in  any  case  unanimous  in  desiring  the  spread  of  geo- 
physical surveys.  Unless  the  matter  was  considered  seriously  in 
the  near  future  it  might  become  necessary  to  call  on  Marshall  Aid 
for  geophysical  work  as  wt*  had  already  called  on  it  for  26  geologists  I 

Dr.  G.  V.  Hobson*  said  that  he  had  had  the  privilege  of  discussing 
with  Dr.  Bruckshaw  the  relation  between  geophysical  methods  and 
the  problems  of  his  (the  speaker's)  own  department,  and  he  noticed 
with  the  greatest  interest  that  Dr.  Bruckshaw  suggested  that  it 
would  be  possible  in  connection  with  placer  deposits  to  plot  an 
ancient  land  surface.  That,  he  felt,  might  be  of  great  assistance  in 
a  slightly  different  connection.  They  were  at  present  proposing  to 
make  experiments  along  those  lines,  and  while  they  remained  un- 
convinced at  the  moment  at  least  they  were  setting  out  hopefully. 

One  of  the  bugbears  with  which  they  had  to  deal  was  ice  action, 
which  could  be  extremely  tiresome  in  relation  to  the  discovery  of 
shallow  deposits  of  coal  to  be  worked  by  opencast  methods.  Where 
a  shallow  deposit  existed  it  would  be  subject,  if  glacial  action  had 
taken  place,  to  extreme  variation  of  erosion.  If  the  old  land  surface 
could  be  plotted  by  means  of  geophysical  methods  they  would 

*  Director  of  Opencast  Coal  Production,  MiniBtry  of  Fuel  and  Power. 
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achieve  something  of  value  in  eliminating  the  risk  of  opening  up  a 
deposit  where  they  expected  to  find  a  considerable  tonnage  of 
shallow  coal,  only  to  fiind  that,  in  spite  of  what  they  had  done, 
ice  action  had  removed  much  of  the  coal  along  the  sub-outcrop. 
That  was  a  problem  in  which  they  felt  they  might  derive  quite 
useful  help  from  geophysical  methods.  He  just  mentioned  it  as 
one  possible  instance  where  geophysical  tests,  coupled  with  the 
information  obtained  from  drilling,  might  assist  them  in  avoiding 
the  pitfalls  which  had  occurred  in  the  past  owing  to  the  unpredict- 
able behaviour  of  the  surface  of  the  land  which  had  been  left  bv 
glacial  action. 

Dr.  Bruckshaw  said  that  he  would  prefer  to  have  the  whole 
report  of  the  discussion  before  him  before  making  any  reply. 

The  Chairman  proposed  a  hearty  vote  of  thanks  to  Dr.  Bruck- 
shaw for  his  paper,  and  this  was  carried  by  acclamation. 


CONTRIBUTED  REMARKS 

Dr.  James  Phemister'*':  I  note  that  Dr.  Bruckshaw  savs 
^p.  10)  that  the  Eotvos  torsion  balance  *  is,  for  most  practical 
purposes,  obsolete*.  I  do  not  agree  with  this  view  and  I  consider 
that  this  instrument  is  able  to  contribute  very  valuable  information 
on  local  anomalies  in  amplification  of  the  results  obtained  by  the 
gravity  meter.  Its  employment,  however,  requires  a  considerable 
organization  and  is  comparatively  expensive. 

Dr.  G.  A.  Schnellmann  :  With  some  reluctance  I  strike  what 
may  be  a  jarring  note.  Strong,  however,  in  the  experience  that 
adverse  criticism  can  provide  a  powerful  stimulus,  I  suggest  that 
mining  geophysics  is  a  disappointment — not  because  its  results 
have  been  negligible,  but  because  it  seems  to  have  made  little 
headway  in  overcoming  its  limitations  and  expanding  its  sphere 
of  usefulness.  Recent  progress  in  geophysics  appears  to  have  been 
solely  in  the  direction  of  time-saving.  No  doubt  this  is  a  case  of 
the  tune  being  called  by  the  man  who  pays  the  piper.  The  oil 
industry  is  the  principal  user,  and  for  its  particular  problems  the 
advantages  of  the  gravimeter  as  compared  with  the  torsion  balance, 
or  of  flying  a  magnetometer  over  inaccessible  swamps  and  open 
sea,  are  obvious.  So  far  as  the  typical  mining  problem  is  concerned, 
time  is  less  important  and  the  greatest  need  is  for  improvement  in 
discriminating  power  and  depth  penetration  of  the  standard  mining 
methods  ;  or,  of  course,  an  entirely  new  method.  In  these  funda- 
mental directions  it  appears  to  me  (and  I  shall  be  very  glad  to  be 
assured  that  I  am  wrong)  that  mining  geophysics  has  made  little 
progress  in  the  last  20  years — since,  that  is,  the  work  on  which 
the  Broughton  Edge  and  Laby  report  of  1931  was  based.  The 
spectacular  case  of  the  Orange  Free  State  is  essentially  an  instanci* 

*  Assistant  Director,  Geological  Survey  and  Museum. 
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not  of  mining  geophysics  but  of  oil  geophysics — cf .  the  scale  and  the 
interpretation.  The  geophysical  investigation  did  not  give  a  positive 
indication  of  the  sought  orebody,  but  proved  a  structure  some 
15  square  miles  in  extent.  The  presence  of  auriferous  conglomerate 
in  tins  was  inferred  from  stratigraphical  knowledge.  This  type  of 
problem  may  well  prove  to  be  of  increasing  frequency  in  mining 
geophysics.  So  far  the  main  problem  confronting  both  the  mining 
geologist  and  the  mining  geophysicist  has  been  that  of  locating 
individual* orcfeodic5,  usually  in  or  adjacent  to  proved  mineralized 
areas.  In  the  foreseeable  future  the  problem  of  locating  new 
are-fields  is  likely  to  command  increasing  attention,  and  here  the 
methods  and  scale  of  otZ-geophysics  will  play  an  important  role. 

Lest  any  of  the  foregoing  remarks  be  misinterpreted  as  uncom- 
promising opposition,  may  I  conclude  by  saying  that  I  have 
employed  mining  geophysics,  and  shall  certainly  continue  to  do 
so  when  appropriate  problems  arise.  My  only  hope  is  that  the 
methods  may  be  so  developed  that  they  can  be  applied  to  a  greater 
proportion  of  problems  than  is  now  the  case.  Dr.  Bruckshaw's 
paper,  useful  and  important  in  itself,  provides  also  the  basis  of  a 
useful  stocktaking. 

Professor  John  T.  Whetton :  This  paper  appears  to  be  an 
elementary  sketch  of  the  various  geophysical  methods  now  in  vogue. 
Research  and  field  application  have  reached  a  stage  when  specific 
cases  could  be  considered  and  discussed  with  advantage  to  the 
Institution. 

I  would  suggest  that  fairly  accurate  estimates  of  costs  of 
geophysical  surveys  can,  and  in  fact  are,  being  made.  Most  of  the 
well-known  oil  companies  employ  their  own  geophysicists  and 
from  their  experience  the  costs  are  easily  obtainable.  Furthermore, 
estimate's  are  submitted  to  the  oil  companies  by  contracting 
geophysical  firms  and  these  estimates  are  checked  very  closely 
l)ef()re  acc<'ptance. 

The  author  states  that  20-30  magnetic  observations  may  be  made 
in  an  hour.  With  the  vertical  force  variometer,  a  good  rate  for 
accurate  work  is  12-15  stations  an  hour  for  close  intervals.  It  is 
impossibles  to  state  a  definite  distance  of  electrical  traverse  which 
may  be  done  in  a  day,  as  speed  varies  mostly  with  different 
electrode-spacing  and  with  intervals  betvv(M*n  readings. 

Mr.  S.  H.  Shaw  :  The  author  is  to  be  congratulated  on  a  concise 
and  up-to-date  account  of  the  principles  and  limitations  of  the 
three  fToophysical  methods  most  likely  to  be  of  use  in  mineral 
exploration.  That  he  feels,  however,  that  some  apology,  as  it  were, 
for  the  intrusion  of  anything  so  scientific  into  prospecting  is  still 
necessary  can  be  inferred  from  his  reference  to  the  picture  being 
paint(Hl  in  soinbro  tones  and  from  the  statement  of  faith  in  his  last 
sentence.    This  I  think  is  unnecessary. 

Geophysical  methods  are  now  in  general  use,  and  have  been  for 
some  years,  and  the  mining  community  is  not  a  philanthropic 
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body  that  would  be  content  to  sponsor  the  activities  of  geo- 
phjsicists  if,  on  balance,  those  activities  were  not  of  value  and 
profit  to  the  miner.  The  advent  of  geophysics  has  not  altered  the 
old  rule  that  only  one  out  of  every  100  prospects  (or  whatever 
the  true  figure  is)  will  turn  into  a  payable  mine.  The  proportion 
of  payable  mines  discoverable  by  geophysics  must  be  even  smaller, 
since  not  all  prospects  will  be  suited  to  examination  by  those 
methods.  Just  as  the  one  good  mine  justifies  the  examination  of 
the  other  99  prospects,  so  the  occasional  outstanding  geophysical 
success  will  justify  indifferent  or  disappointing  results  in  many 
others. 

A  point  that  I  should  have  liked  to  have  seen  dealt  with  by  the 
author  concerns  the  best  method  of  undertaking  geophysical  work. 
For  the  seismic  and  gravitational  methods  the  specialist  organiza- 
tion is  no  doubt  the  only  practical  solution,  but  for  the  electrical 
and  magnetic  methods,  where,  as  the  author  says,  the  instruments 
are  cheap,  the  answer  is  not  so  certain.  There  is  no  doubt  that  the 
specialist  organization  has  the  advantage  of  wide  experience  and 
constant  contact  with  geophysical  problems,  but  it  is  relatively 
expensive  and  often  would  not  be  called  in  except  for  a  major 
problem  or,  perhaps,  like  specialists  in  other  spheres,  until  the 
patient  is  past  recovery.  The  conclusion  reached  by  such  an 
organization  may  also  be  that  with  wider  application  and  more 
detailed  work  the  problem  may  be  usefully  solved.  Although 
the  mere  purchase  of  equipment  will  achieve  nothing  unless  it  is 
used  in  a  rational  way  the  routine  collection  of  geophysical  data 
might  in  some  instances  serve  a  valuable  purpose. 

In  conclusion  I  should  like  to  ask  the  author  whether  the  ordinary 
graduate  in  mining  or  mining  geology  is  acquainted  with  the 
handUng  of  the  simpler  geophysical  instruments  or  whether  such 
instruction  as  he  has  had  is  in  principles  only. 

Dr.  A.  C.  Skerl :  This  thoughtful  paper  by  Dr.  Bruckshaw  is 
a  timely  accounting  of  the  status  of  geophysical  prospecting  as 
applied  to  mining  geology.  Many  members  will  have  compared 
with  interest  the  useful  review  by  A.  A.  Brant  on  the  same  subject* 
pubhshed  a  few  months  earlier.  Both  authors  point  out  the  limita- 
tions of  the  methods  and  how  results  are  often  inconclusive,  but 
the  American  author  is  blunter  in  his  criticism  of  many  geophysicists 
for  glossing  over  such  shortcomings. 

There  appears  to  be  a  tendency  towards  the  belief  that  the  main 
use  for  geophysical  work  is  the  finding  of  ore  hidden  at  considerable 
depths.  I  feel  sure,  however,  that  in  the  majority  of  cases  the 
problem  involves  a  cover  of  overburden  less  than  100  ft.  thick.  A 
recent  example  in  British  Columbia  was  the  detecting  of  high- 
grade  silver-lead  veins  only  1-2  ft.  wide  under  a  cover  of  boulder 
clay  up  to  30  ft.  thick,  using  the  self -potential  method. 

*  Bran^,  a.  a.  Some  limiting  factors  and  problems  of  mining  geophysics. 
Qeophysica,  Vol.  13,  No.  4,  Oct.  1948,  pp.  666-81.  (Abstract  in  ^yxs,, 
Engng,,  Vol.  1,  Jan.   1»49,  Sec.   1,  pp.  28-32.) 
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In  the  Philippines  in  1940  it  was  possible  to  outline  the  shape  of 
rturiferous  orebodies  with  a  high  sulphide  content  in  narrow,  steep 
veins  using  the  resistivity  method.  By  setting  up  at  regular 
intervals  along  the  lines  of  ancient  workings  and  increasing  the 
electrode  spacing,  successively  deeper  penetrations  were  obtained 
as  far  down  as  700  ft.  The  resistivity  values  were  plotted  on  a 
vertical  projection  to  give  a  pattern  that  was  checked  closely  by 
subsequent  underground  exploration  and  stoping.  Experimental 
work  in  1941  showed  that  similar  results  could  be  obtained  over 
lenses  of  chromite  on  the  island  of  Mindanao,  but  the  further 
testing  by  drilling  and  mining  has  been  delayed  until  now  by  the 
Japanese  invasion  and  its  aftermath. 

The  mining  geologist  is  able  to  supplement  his  experience  con- 
siderably by  the  pubhshed  accounts  of  numerous  mineral  deposits 
but  the  literature  normally  available  to  him  contains  few  descrip- 
tions of  geophysical  prospecting  from  his  point  of  view.  I  would, 
therefore,  suggest  that  this  excellent  paper  by  Dr.  Bruckshaw  is 
followed  up  by  &  series  of  authentic  short  papers  on  various  recent 
geophysical  explorations,  successful  and  otherwise,  emphasizing 
the  geological  settings  and  their  effect  on  the  choice  and  application 
of  the  methods  used.  If  sufficient  response  is  obtained,  then  the 
publication  of  a  separate  volume  could  be  considered. 

Mr.  Donald  F.  Foster :  Previous  to  1902  the  Daft- Williams 
system  of  sending  impulses  of  induced  electric  current  into  the 
earth  was  proposed.  During  trials  it  was  found  that  certain  earth 
anomalies  interfered  with  transmission  and  that  pipes — metallic 
or  porcelain — interfered  with  the  induced  currents.  It  was  from 
this  point  that  prospecting  for  economic  minerals  was  evolved. 

The  method  of  introducing  the  electric  impulses  into  the  earth 
was  similar  to  that  used  for  the  transmission  of  early  wireless 
messages — electric  storage  batteries,  an  induction  coil,  and  a 
condenser  with  a  regular  *  make  and  break  '  being  used. 

Further  experiments  in  Cumberland  and  Wales  proved  that 
known  reefs  or  lodes  could  be  plotted  by  such  induced  electrical 
currents.  The  induced  current  tended,  it  was  found,  to  concen- 
trate on  the  margins  of  the  reef,  lode,  or  dyke.  During  three 
years'  field  experience  there  was  no  proof  that  the  current  ever 
flowed  through  the  earth.  In  a  few  cases  we  were  able  to  measure 
the  depth  to  the  cap  of  the  lode  or  reef  and  it  was  found  that  one 
third  of  the  length  of  the  base  line  gave  the  depth  of  the  cap. 

During  a  survey  on  a  large  stockwerk  in  Australia,  made  with 
the  object  of  picking  out  the  more  valuable  areas,  it  was  found  that 
impulses  concentrated  on  the  quartz  stringers.  The  whole  of  the 
stockwerk  outcrop  was  electrified,  and  the  quartz  stringers — 
even  the  tiniest — gave  loud  reactions  in  the  microphones.  On  a 
porphyry  blow  the  margins  gave  loud  reaction,  but  across  the 
outcrop  things  were  normal. 

Trial  over  three  years  proved  the  system  to  be  of  very  little 
economic  use,  although  it  did  prove  that  once  the  outcrop  of  a 
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reef  or  lode  was  discovered  its  course  or  strike  could  be  traced  ; 
that  faults  could  be  located  ;  but  that  at  no  time  could  the  value 
of  the  lode,  kind  of  anomaly,  or  kind  of  lode  be  determined  by 
electrical  prospecting  alone. 

There  are  some  occurrences,  however,  where  geophysical  pros- 
pecting might  have  proved  profitable.  For  instance  there  are 
several  areas  on  the  Gold  Coast  where  considerable  pitting  has  been 
done  and  which  the  average  engineer  refers  to  as  large  alluvial 
workings,  but  which  in  reality  are  old  outcrop  workings  and 
washing  pits.  To  an  observer  the  |-in.  to  f-in.  pieces  of  quartz 
show  where  the  reef  has  been  broken  and  washed,  and  a  trench 
H  ft.  deep  cut  through  these  will  show  the  conical  washing  pits. 
Here,  then,  electrical  prospecting  might  be  useful  in  tracing  the 
hidden  lode. 


Tti^  InsUtutloii  as  a  body  Is  not  responsible  for  the  statements  made  or  opinions 

eacpressed  in  any  of  Its  publications. 

AUTHOR'S  REPLY  TO  DISCUSSION*  ON 

A  New  Form  of  Thermal  Precipitator 

By  P.  H.  KiTTO 

Mr.  P.  H.  Kitto :  Before  replying  to  the  various  points  raised 
in  the  discussion  concerning  this  instrument  I  should  like  to 
express  my  thanks  to  Mr.  Annan  for  undertaking  to  introduce 
the  paper  at  short  notice,  owing  to  the  unavoidable  absence  of 
Professor  Ritson. 

Mr.  Watson  mentioned  the  possibility  of  spraying  a  film  of 
collodion  on  to  the  particles  on  the  8-in.  by  1-in.  slide  to  enable 
it  to  be  examined  with  a  2-mm.  oil  immersion  objective,  but  if 
this  is  done  it  will  be  found  that  a  large  number  of  the  smallest 
particles  become  invisible,  owing  to  the  smaller  difference  in 
refractive  index  between  the  particles  and  the  surrounding  medium, 
and  the  results  will  not  be  as  good  as  those  obtained  with  a  4-mm. 
apochromatic  objective. 

Both  Mr.  Watson  and  Mr.  Walton  pointed  out  that  deposition 
of  large  particles  would  take  place  in  the  inlet  tube,  and  it  would 
be  an  improvement  to  mount  the  instrument  close  to  the  outside 
of  the  box  so  that  the  length  of  this  tube  was  reduced  to  a  minimum. 
In  practice,  however,  it  is  found  that  particles  larger  than  2*5 
microns  are  found  on  the  record,  and  it  is  probable  that  convection 
currents  keep  some  of  these  particles  from  falling  out.  On  these 
mines  the  percentage  number  of  particles  above  this  size  is  usually 
very  small,  and  comparative  size  distributions  with  samples  taken 
on  the  standard  thermal  precipitator  showed  very  little  difference. 

Mr.  Davies  suggests  that  the  85  per  cent  efficiency  might  be  due 
to  a  lower  temperature  gradient  between  the  surface  of  the  glass 
slide  and  the  wire,  but  this  was  tested  by  taking  samples  with  the 
slide  stationary.  Any  inefficiency  of  deposition  would  show  up 
immediately  by  a  spreading  of  the  particles,  particularly  the  large 
particles,  along  the  slide,  and  there  would  be  no  well-defined  edge 
to  the  record,  but  no  such  spreading  was  observed. 

With  reference  to  the  use  of  a  standard  thermal  precipitator  at 
•2  amp.,  our  experience  has  been  that,  providing  thenvire  is  heated 
only  when  the  metal  plugs  are  in  position,  the  maximum  damage 
to  the  bakelite  facing  pieces  is  a  slight  charring  or  blackening  round 
the  wire  which  does  not  affect  the  performance  of  the  instrument 
ill  any  way. 

Ill  reply  to  the  remarks  by  the  President  about  the  big  variation 
ill  percentage  reduction  of  dust  counts  after  acid  treatment,  1 
should  Uke  to  point  out  that  this  variation  is  due  mainly  to  variation 
in  the  percentage  of  acid-soluble  particles  in  the  air  derived  from 
the  atomization  of  water  by  the  machine  drills  and  to  a  losser 
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extent  from  other  Bources.  The  big  loss  of  mineral  pigrtioles  from 
konimeter  slides  on  acid  treatment  which  was  noticed  bj  the 
President  on  his  visit  to  the  Band  in  1988  is  due  to  the  fact  that  the 
slides  were  acid-treated  before  ignition,  and  this  is  known  to  result 
in  the  loss  of  about  half  the  mineral  particles  when  the  correct 
thickness  of  jelly  is  used  on  the  sUdes.  Thermal  precipitator 
samples  and  konimeter  samples  which  are  ignited  hejore  acid 
treatment  lose  much  less  of  the  insoluble  material,  the  particles 
being  very  much  more  firmly  attached  to  the  glass  surface,  but 
the  percentage  lost  increases  rapidly  with  increase  in  particle 
size.  Experiments  carried  out  in  this  department  indicated  that 
the  average  overall  loss  of  rock  particles  from  typical  mine  dust 
samples  is  about  10  per  cent,  but  with  particles  between  2  and  5 
microns  in  diameter  the  loss  is  very  much  greater,  of  the  order  of 
50  per  cent. 

Finally,  I  should  Uke  to  thank  all  those  who  took  part  in  this 
discussion  for  their  encouraging  and  stimulating  remarks. 


TlM  InitltttUoa  m  a  boiy  to  not  rtrnptmaHblm  for  Um  rtatimnte  nuute  or  opinkMiB 

'  ia  any  of  Its  pobUaitloiw. 


AUTHOR'S  REPLY  TO  DISCUSSION*  ON 

The  Sinking  of  No.  5  Shaft »  Van  Dyk  Consolidated 

Mines »  Ltd. 

By  T.  L.  Blunt 

Mr.  T.  L.  Blunt :  The  following  remarks  refer  to  the  points 
raised  by  various  contributors  to  the  discussion. 

Mr.  Jack  Spalding :  We  later  found  there  was  no  necessity  to 
keep  the  ends  in  advance  of  the  rest  of  the  course. 

At  the  end  of  the  sinking  the  water  was  measured  and  found 
to  be  4,800  g.p.h.  By  June,  1948,  the  measured  figure  was  1,490 
g.p.h.,  and  at  the  present  time  (March,  1949)  the  figure  is  1,800 
g.p.h.,  and  the  walls  for  the  first  3,000  ft.  are  quite  dry. 

The  fan  was  a  48-in.  Sirocco  type  built  by  Brown  of  Springs, 
Transvaal. 

With  reference  to  the  dividing  wall,  it  is  my  opinion  that  extra 
time  would  be  taken  if  it  were  cast  during  the  sinking  and 
inasmuch  as  man  is  averse  to  change,  even  at  work,  placing  of 
shuttering  or  precast  beams  would  take  longer  per  foot  when 
interposing  it  with  other  work  than  if  it  were  done  as  one  job 
from  the  bottom  to  the  top.  The  throwing  of  concrete  would 
also  take  longer  with  two  separate  compartments.  Thus,  since 
I  think  it  would  take  longer  per  foot  during  sinking,  the  shaft 
would  have  to  carry  all  costs  including  the  sinking  crew  during 
this  period,  whereas  doing  the  job  at  the  end  of  the  sinking  meant 
that  the  cost  of  the  equippers  and  winding  drivers  only  had  to 
be  paid. 

I  think  that  had  we  carried  the  central  wall  down  with  us  it 
would  have  taken  at  least  6  months  longer  to  sink  the  shaft  at 
an  overall  cost  of  £15,000  per  month,  whereas  we  estimate  to 
complete  the  wall  in  2^  months  after  the  shaft  is  down,  at  an 
overall  cost  of  £8,000  per  month  (both  figures  exclude  the  cost 
of  the  wall).  The  fan  pipes  are  put  in  by  the  stage  crew  while 
mucking  is  in  progress. 

Prof.  Ritson  :  The  shaft  is  intended  to  hoist  up  to  150,000  tons 
per  month  and  to  pass  600,000  c.f.m.  of  air. 

With  regard  to  ropes,  a  copy  of  the  makers'  specification  and  the 
Government  test  laboratory  certificate  for  breaking  load  are  shown 
overleaf.  Ropes  in  South  Africa  have  to  be  cut  every  six  months 
and  the  bottom  end  submitted  to  the  laboratory  for  examination 
and  destruction  tests.  A  report  similar  to  that  shown  is  forwarded 
to  the  mine  for  each  test.  With  14-ft.  drums  there  were  2|  layers 
of  rope  on  the  drum  when  the  bucket  was  at  the  surface.  To  have 
one  layer  only  would  require  a  drum  approximately  12^  ft.  wide. 
The  twist  on  the  inner  strands  of  the  rope  and  that  on  the  outer 
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strands  were  in  opposite  directions.  The  wire  cores- did  not  break 
into  short  llBngths.  This  did  happen  on  triangular  wire  and 
triangular  core  ropes,  but  it  does  not  with  fabricated  six- wire 
cores.  Extra  special  improved  plough  steel,  of  128/140  short  tons 
breaking  stress  for  wires,  is  in  common  use  in  South  Africa.  It 
would  be  interesting  to  learn  if  this  is  so  elsewhere.  Hope 
regulations  are  reasonably  severe  here,  and  ropes  have  to  be 
discarded  when  the  factor  of  safety  becomes  6:1.  Sheave  wheel 
treads  were  correctly  fitted  and  aligned. 

Mr.  J.  B.  Richardson  :  The  clam  shell  for  cleaning  the  shaft 
bottom  was  built  to  be  operated  by  air,  but  during  my  absence 
a  conversion  to  electricity  took  place.  The  experimental  work 
was  done  on  surface  and  it  was  found  that  the  ordinary  clam 
shell  did  not  dig  into  the  Band  quartzites,  hence  a  modification 
had  to  be  made  in  the  clam  shell  to  obtain  a  80°  digging  angle, 
which  is  the  optimum  digging  angle  of  scoops  for  these  quartzites. 

Mr.  H.  C.  T.  Brown  :  Quartzites  and  shales  on  the  Witwatersrand 
are  of  such  strength  that  the  lining  of  a  shaft  is  mainly  to  support 
buntons  and  bearers.     There  is  no  necessity  to  line  a  shaft  for 

SPECIMEN  : 

HAGGIE,  SON  &  LOVE  (1936),  LTD. 

aeveland.  Tvl.  27th  February,  1947. 
SPECIFICATION  OF    *  JUPITER  '  STEEL  WIRE  ROPE 

SuppUecl  VAN  D  YK  CONSOLIDATED  MINES,  LIMITED 

Order  No.  V.D.  lOOS/Job  H.20S  of  3.12.1946 

Coil  No.  158126 

W.  Order  No.  53408 

Dimensions  of  Rope —  NON-SPIN 

Length  5,000  Jeet 

Diam.  H  in, 

Circuin.  4\  in. 

Construction  op  Rope — 

Lay  LAN  OS 

No.  of  Strands    15  {9  over  6) 
Class  of  Core        Wire  Main  Core 

Construction  of  Strands —  Specially  LtJibricated 

No.  of  Wires        10  {8  over  2)  outer         10  {8  over  2)  inner 
Diam.  of  Wires  (Decimals  of  an  inch)  '096  -101  outer,  '080  '084  inner 
Class  of  Core        2  Steel  Wires 

Class  of  Steel  of  which  Wire  is  made  EXTRA   SPECIAL 

IMPROVED  PLOUGH— Iscor  Special 

Breaking  Stress  of  Steel  1281140  Ton«  (2,000  lb.) 

Weight  of  Rope  per  Foot  4-295  lbs. 
Actual  Breaking  Load  of  Rope  as  per  Government 

Test  Certificate  No.  77998  attached  123-6  Tons  (2,000  lb.) 
Date  of  Manufacture     11th  February,  1947 
Delivered     Mine 

To     The  Resident  Engineer, 

Van  Dyk  Consolidated  Mines,  Limited, 
P.  0,  VAN  DYKMYN. 
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SPECIMEN: 

M.D.  203. 
Appl.  Received  :  13,2,47  Certificate  No.   7799S 

Rope  Received  :    13.2.47  Date  of  Te6t :    14.2.47 

DEPARTMENT   OF   MINES 


CERTIFICATE    OF    TEST    CONDUCTED    IN    THE    MECHANICAL 

LABORATORY 


Specimen  Supplied  by  :  HAQQIE,  SON  d:  LOVE  LTD. 

Shaft:  — 

Compartment :  — 

Coil  Nimiber  :  ,         158126  Original  Length  of  Rope  :  5,000  ft. 

Name  of  Manufacturer  :  Haggie,  Scm  ds  Love  Ltd. 

Date  of  Manufacture  :      11,2.47  Date  Rope  was  put  on  : 

Weight  of  Rope  per  Ft.:  4-295  lb.        Class  of  Steel  used  for  the  Wires :  Extra 

Spec.  Impr.  Plough 
Tensile  Strength  of  the  Steel  Wire  used  :  128/140      Tons  (2,000  lb.)  p.s.i. 
Original  Breaking  Load  :  —       Tons  (2,000  lb.) 

Breaking  Load  at  Last  Test :     —       Tons  (2,000  lb.) 

particulabs  of  specimen 


Diameter 


Construction 


Kind  of  Lay  and  R.  or 
L.H 


Length   of  Lay 

Number  of  Strands 


No.  of  Wires  in  Strand... 

Dieuneter  of  all  Wire  used 
(unworn) 

Class  of  Heart  of  Rope. . . 

Class  of  Strand  Core 


As  supplied  by  Applicant 


H  in. 
Non-Spin 

Lang*8 


15  {916) 

10  {812)     10  {812) 

'096  in.  '101  in.  '080  in. 
'084  in. 

Wire  main  core  {1x30) 


From  Examination 


1-50  in. 
Non-Spin 

Lang^a 
13  in. 


916 

812 


8)2 


096  in. '101  in. '080  in. 
'084  in. 

Wire  main  core  {1x30) 


Length  of  Specimen  Supplied  by  Applicant :     11  ft. 
Length  of  Test  Specimen  :     9  ft. 

Result  op  Test  and  Examination. 
Breaking  Load  of  Rope  :  123-6  Tons  (2,000  lb.) 

condition  of  rope. 
Least  Dimension  of  Most  Worn  Outer  Wires  :     New  rope 
Corrosion  :  None 
Lubrication  :  Oood 

Appearance  at  Fracture  of  Wires  :  Ductile 
Number  of  Strands  Broken  :  All  except  2  outer  strands 
Approximate  Position  of  Fracture  :  4  ft.  from  metal 
Remarks  : 

Date  :  16th  February,  1947. 
government  mechanical  laroratory, 
cottesloe, 

JOHANNESBURG.  Testing  Officer.  I3\xqiq\at, 
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strength  as,  apart  from  scaling  and  isolated'  oases  of  weathenng 
dykes,   no   trouble  is   experienced  with  crumbling  shaft  walk. 
Where  Witwatersrand  series  is  overlain  by  younger  rocks  of  the 
Karroo  system,   such  as   dolomites,  Dwyka  conglomerate,'  etc., 
care  has  to  be,  and  is,  taken  with  concrete  in  order  to  obtain  the 
required    strength,   and    more   often    than   not   the   concrete  ifi 
reinforced.    Inasmuch  as  this  shaft  went  into  quartzite  at  120  it. 
and  remained  in  this  to  its  final  depth,  strength  to  resist  pressure 
was  not  required.     However,  since  it  is  as  easy  to  place  good 
concrete  as  poor  concrete  the  quantities  in  the  mix  were  as  follows— 
cement  8|  bags,  sharp  washed  sand  12}  cu.  ft.,  aggregate  25^  cu.  ft., 
water  26  gal.,  with  a  wash  of  1  gal.  to  run  the  concrete  down  the 
chute  from  the  mixers  to  the  bottom  discharge  Blaw  Knox  bucket. 
Slump  of  a  maximum  of  5^  in.  from  the  mixer  was  aimed  at. 
Inasmuch  as  aggregate  is  obtained  by  mechanical  screening  (in 
our  case  a  Tyrock  screen)  variation  from  sand  to  l^-in.  rock  was 
obtained.     Twenty  to  twenty-five  natives  were  employed  on  the 
stage  for  placing  bricks  and  while  concrete  was  being  poured 
nothing  pleased  these  boys  more  than  to  have  charging  sticks  in 
their  hands  and  to  ram  the  concrete  at  all  times.     It  would  be 
almost  impossible  to  stop  these  natives  ramming  concrete,  as 
they  are  like  children  in  their  mental  outlook. 

The  octopus  was  set  19  ft.  above  the  top  deck  of  the  stage  on 
the  north  pair  of  stage  ropes  {vide  *  Procedure  ').  As  the  concrete 
came  through  the  rubber  hoses  of  the  octopus,  it  struck  the  side 
wall  before  reaching  the  actual  depositing  position,  due  to  the 
inclination  of  the  hoses.  This  and  the  ramming  was  sufficient  to 
remix  the  segregated  constituents  properly. 

Circular  shafts  lined  with  bricks  with  concrete  poured  behind 
them  have  been  in  operation  on  the  Kand  for  30  years.  These  are 
up  to  22  ft.  in  diameter,  some  being  equipped  with  guide  ropes  and 
some  with  buntons  and  guides.  No  trouble  has  been  experienced 
with  them  and  therefore  it  can  safely  be  anticipated  that  no  trouble 
should  be  experieiiced  in  this  shaft.  In  these  brick-lined  circular 
shafts  no  undue  difficulties  have  been  experienced  even  after  the 
shaft  pillar  has  been  extracted.* 

Comparisons  can  be  made  here  with  two  other  elliptical  shafts, 
one  with  steel  shuttering  bolted  together  and  the  other  with  a 
sliding  steel  shuttering  pulled  up  by  turn  buckles  on  chains 
anchored  to  eye  bolts  let  into  the  walls  of  the  shaft  above  the  lift 
of  concrete  being  placed.  Neither  of  these  attained  the  speed  of 
No.  5  Shaft,  and  therefore  their  costs  must  automatically  be  greater. 
Concrete  was  placed  round  the  periphery  of  these  by  a  sheet  steel 
portable  launder,  which  is  also  inclined  to  give  a  classification  of 
the  concrete. 

The  volume  of  ground  to  be  excavated  would  not  be  affected  by 

the  method  of  placing  the  concrete,  but  rather  by  the  type  of 

♦  See  DuoGAN,  G.  H.  Extraction  of  shaft  piUar  at  No.  1  Circular  Shaft, 
New  Modderfontein  Gold  Mining  Co.,  Ltd.  Ass,  Mine  Mgrs.  TransvafU 
Papers  1937-38,  p.  163. 
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ground  and  the  care  with  which  the  sinkers  direct  their  cropper 
holes.  Overbreak  was  kept  to  a  minimum  ;  85-8s.  per  foot  was 
the  cost  of  the  bricks,  and  it  was  attempted  to  cut  the  excavation 
to  12  in.  from  the  face  of  the  bricks.  In  good  ground  this  and 
better  was  obtained,  but  if  faulting,  bad  slips  or  poor  ground 
were  encountered  overbreak  might  be  as  high  as  8  or  4  ft.,  when 
quantities  of  plums  were  brought  down  and  placed  in  these  sections. 
The  mucking  machine  worked  originally  on  compressed  air,  but  as 
compressed  air  motors  were  practically  unobtainable  in  the 
requisite  sizes,  electric  power  was  substituted.  The  lower  end  does 
rest  on  the  spoil  and  when  undercut  it  only  requires  a  small  lift 
on  the  surface  hoist  to  replace  it  in  correct  position.  It  is  suspended 
fiuitably  for  conditions  at  all  times  by  its  own  hoisting  rope  and 
hoist.  The  driver  has  a  sheet  steel  cover  over  himself  and  the 
three  hoists  for  operating  the  grab.  This  was  not  shown  in  the 
drawing  as  it  was  folded  back  when  the  draughtsman  put  the 
machine  on  paper. 


Thie  loattttttion  at  a  body  is  not  responsible  for  tbe  ststements  made  or  opinions 

~  in  any  of  its  publications. 


AUTHOR'S  REPLY  TO  DISCUSSION*  ON 
A  Note  on  « Steel '  Galena 

By  6.  A.  ScHNELLMANN,  Associote 

Dr.  G.  A.  Schnellmann :  This  note  was  a  record  of  an 
investigation  which  had  not  been — ^and  because  of  changed 
circumstances  was  unlikely  to  be — completed.  It  was  submitted 
for  publication  on  the  principle  that  a  partial  record  is  better  than 
no  record  and  can  conceivably  be  of  use  to  others.  These  remarks 
are  by  way  of  explaining  my  inability  to  give  conclusive  answers 
to  some  of  the  questions  asked,  particularly  by  Mr.  Eastwood. 

Microscopic  examination  was  restricted  to  polished  surfaces  of 
steel  galena,  and  no  strain  phenomena  (by  which  I  take  Mr. 
Eastwood  to  mean  anomalous  polarization)  were  observed. 
Barytes,  pyrite  and  quartz  are  for  practical  purposes  unknown  in 
the  Halkyn  ores.  Steel  galena  there  occurs  typically  in  a  clay 
gouge,  and  I  cannot  recollect  having  seen  it  with  gangue  minerals. 
It  was  for  this  reason  that  Dr.  Smithes  account  of  the  Sipton 
material  was  of  particular  interest.  Contrary  to  Mr.  Eastwood's 
belief,  comparative  analyses  of  *  steel '  and  common  galena  from 
the  Halkyn  veins  do  show  the  steel  variety  to  be  generally  richer 
in  silver,  but  this  is  not  universally  true,  as  Dr.  Williams  notes. 
Mr.  Eastwood's  reference  to  silver  values  in  galena  from  the  Lake 
District  veins  is  well  illustrated  in  the  Greenside  mine,  where  the 
silver  content  definitely  seems  to  be  falling  off  in  depth — i.e.,  with 
increasing  distance  from  the  barytic  part  of  the  lode.  Having  made 
no  systematic  field  or  laboratory  study  of  the  phenomenon,  I  am 
diffident  about  offering  an  explanation,  but  suggest  two  possible 
reasons :  (o)  Primary ;  the  phase  of  barytes  deposition  may 
represent  conditions  which  also  favour  the  precipitation  of  silver 
minerals :  (6)  Secondary ;  the  exposed  barytes  zones  are  quite 
shallow,  not  extending  more  than  a  very  few  hundred  feet  below 
present-day  surface,  which  suggests  the  possibility  of  supergene 
enrichment. 

The  data  quoted  by  Dr.  Williams  on  tbe  synthesis  of  material 
resembling  steel  galena,  and  on  the  field  associations  of  this 
material  at  Sonora,  Mexico,  strongly  support  my  conclusions,  and 
I  am  duly  grateful  for  them.  I  am  glad  also  to  have  his  confirmation 
of  the  absence  of  discrete  silver  minerals,  and  his  evidence  that 
these  are  in  solid  solution  in  the  galena.  Whilg  I  have  always 
tacitly  assumed  this  to  be  so  in  general,  it  is  worth  noting  that 
in  the  shallower  lodes  of  the  Halkyn  district  Finlayson  found 
specimens  of  galena  in  which  silver  minerals  occurred  along  the 
cleavage  planes. 

♦  Bull,  507,  February,  1949. 
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There  is  definite  evidence  suggesting  the  migration  of  silver  in 
the  way  suggested  by  Dr.  Williams,  e.g. — 

Remark9 

Two  varieties  contiguous 

ditto 
Specimens  from  different  parts  of  the  same  lodsL 

ditto 
ditto 
(Figures  represent  oz.  silver  per  ton  of  galena.) 

I  know  of  only  one  case  in  which  the  two  varieties  had  the  same 
content,  6*15,  and  one  in  which  the  steel  galena  had  a  lower  content, 
8*60  as  against  4*25.  In  neither  of  these  cases  were  the  two 
varieties  contiguous,  though  each  pair  was  from  a  single  lode. 

The  gangue  minerals  in  the  photomicrographs  are  certainly 
carbonates,  and  I  agree  that  an  examination  of  the  kind  suggested 
might  be  revealing,  but  here  again  the  work  was  not  carried  to 
completion. 


Common 

•  Steel ' 

galena 

gcilena 

4*66 

5-93 

4-80 

7-35 

300 

7-50 

2-25 

9-30 

4-60 

7-80 

No.  511 


JUNE,  1949 


BULLETIN   OF  THE 

INSTITUTION   OF   MINING 

AND   METALLURGY 


IMIV.  OF  MICHIGAN 

MAY  i  0  «=>" 
EAST    EN6IHEEMNG 


Principal  Contents  : 

OFFICIAL   NOTICES 

NOTES  ON    MINING    EDUCATION    AND    POSTGRADUATE 

TRAINING 

6/  J.  A,  S.  RITSON.  O.B.E..  D.S.O..  M.C..  Member 

A  REVIEW  OF  PNEUMCKONIOSIS  AND  DUST  SUPPRESSION 

IN     MINES:     PART    I     MEDICAL    ASPECTS    OF 

PNEUMOKONIOSIS 

&f  A.  G.  HEPPLESTON.  M-B..  M.R.C.P. 

.REPORT  OF  SPEECHES    AT   THE    ANNUAL    DINNER    HELD 
ON   5th    MAY.    1949 


Publiehed  motltlil/  by  the  Insticucion  of  Mining  an<l   Metallurgy 
Salisbury  Houte.  Finsbury  Cirtut,  London,  E.C.  2 


n. members  £3  per  annum 


Shaft  Sinking 

to  any  size  and  depth 

through   any   class   of   ground. 

Shaft  Lining 

or  walling  of  any  kind. 

TUNNELS,    DAMS,    SHAFT    BOTTOMS, 
ROADWAYS. 

ALL      DJFFICULTIES       DUE     TO 

WATER,   BAD  GROUND,   GAS,    FJRE. 

OVERCOM  E. 

Worldwide    experience 

Cementation 


itU# 


#^ 


#" 


Here  ii  c  bi^j'powcred  ligbt-w^igbi  drill  witb  riL«  oS  pL-aemtian  up  in 
trttnllj,  7B  tonr-ttct  bal»  were  drilled  id  TO  miaulee.  An  rxcluaiie  I' 
■U  conml  poHible.  md  lightu  wnk  for  Ike  apernlor.  •  Tbe  drill  i>  ty 
700  r.p.li>.  ud  350  r.p.m..  lod  eich  miy  bf  nippUrd  fat  Dry  or  Wcl  drillirig.|| 


I  Ml  WOOD  ft  GO.  LTft,  £<n'fA'£4J?,  H.         DASMWOO0HOU8(,DL1im<lW%T.A<!>mW,Wl 


BULLETIN  OF  THE 
INSTITUTION  OF  MINING  AND  METALLURGY 

Published  at  ScUUbury  Houaty  Finsbury  Circus,  Liondcn,  E.G.  2. 
Telegrams  :  Minanmet,  Phone,  London.  Telephone  :  Monarch  2096-7. 

No.  511  JUNE,  1949 

CONTENTS 

Pagt 
\ot ice  of  General  Meeting         ...         i 

yotice.of  Sir  Julius  Wemher  Memorial  Lecture     •  ...         ...         ...  ii. 

Notice  of  Symposium  on  the  Refining  of  Non -Ferrous  Metals        ...  ii 

Institution  Notes ii 

Library  Additions  ...         ...         ...         ...         ...         ...         ...  iv' 

Index  of  Recent  Articles  ...         ...         ...         ...         ...         ...  vi 

Notes  on  mining  education  and  postgraduate  training,  by 

J.  A.  S.  RiTSON,  Member       ...         ...         ...         ...         ...         ...  I 

A  review  of  pneumokoniosis  and  dust  suppression  in  mines  : 
Part  I — ^Medical  aspects  of  pneumokoniosis,  by  A.  G. 
Heppleston,  M.B.,  M.R.C.P.  9 

Report  of  speeches  at  the  Annual  Dinner  of  the  Institution  held 

on  5th  May,  1949        ...         ...         ...         ...         ...         ...         ...  21 

Report  of  resumed  discussion  on  Geophysics  and  economic 
geology,  by  J.  McG.  Brugksmaw  35 

Report  of  discussion  and  contributed  remarks  on  Recovery  of 
sulphur  from  smelter  gases  by  the  Orkla  process  at  Rio 
Tinto,  by  H.  R.  Potts,  Member,  and  E.  G.  Lawford,  Member  43 

NOTICE  OF  GENERAL  MEETING 

The  Eighth  Ordinary  General  Meeting  of  the  Fifty-Eighth  Scission  of  the 
Institution  of  Mining  and  Metalliu*g>'  will  be  hold,  by  kind  pennission,  in 
the  Apartments  of  the  Geological  Society,  Kurlington  House,  Piccadilly,. 
London,  W.  1,  on  Thursday,  16th  June,  1949,  at  o  o'clock  p.m. 

The  Meeting  will  be  devoted  to  a  diwcussion  of  prac^tical  postgraduate 
training,  whicli  will  be  opened  by  Professor  J.  A.  S.  Ritson,  O.B.E.,  D.S.O., 
M.C.,  Member.  Notos  on  the  subject  for  discussion  have  been  prepared 
by  Professor  Ritson  and  arc^  printed  on  pp.  1-7  of  this  Bulletin.  It  is  hoped 
that  a  largo  number  of  members  will  attend  and  express  their  views. 

Light  refreshments  will  Iw  provided  at  4.L5  p.m.  for  members  and 
visitors  attending  the  IMecting. 

The  Council  invito  written  contributions  to  the  discussion  from  members 
who  may  be  unable  to  be  pre»(?nt  at  the  Meeting.  The  Council  reserve 
the  right  to  edit  and  condense  such  contributions. 


June  Z949 


THE  SIR  JULIUS  WERNHER   MEMORIAL  LECTURE 

Ab  announced  last  month.  Dr.  C.  H.  Dxbch,  F.R.S.,  will  deliver  the 
second  Sir  Juliua  Wemher  Memorial  Lecture  of  the  Institutioii  on 
Wednesday,  6th  July,  at  5  p.m.,  at  The  Royal  InttUuiian,  21,  Albemarie 
Strtei,  London,  W.  I,  He  will  speak  on  The  Effect  of  Impurities  on 
the  Properties  of  Metals. 

Admission  to  the  Lecture  is  free,  without  ticket,  and  visitors  will  be 
welcomed.     Tea  and  light  refreshments  will  be  served  from  4.30  p.m. 


THE  REFINING  OF  NON-FERROUS   METALS 

The  Symposium  on  the  Refining  of  Non-Ferrous  Metals  will  be  held  oa 
Thursday  and  Friday,  7th  and  8th  July,  from  10  a.m.  to  5  p.m.  on  each 
day,  at  The  Royal  Institution  oj  Chartered  Surveyors,  14,  Oreat  Oeorge  Street^ 
Weetminster,  S.W.  1. 

Full  particulars  of  the  papers  to  be  submitted  have  already  been  circu- 
lated, and  a  programme  of  the  proceedings  will  be  sent  as  soon  as  poosible 
to  those  who  have  applied  for  tickets  of  admission. 


INSTITUTION   NOTES 


Council  of  the  Institution 

The  ballot  for  Members  of  Council 
for  the  Session  1949-50  took  place 
at  the  Annual  General  Meeting  of 
the  Institution  held  on   19th  May, 
1949.  The  new  Coimcil  is  as  follows  : 
President :  Mr.  W.  A.  C.  Newman. 
Hon.  Treasurer  :  Mr.  Robert  Annan. 
Vice-Presidents :      Messre.      A.      L. 
Butler,    Tom    Eastwood,   Donald 
Gill.  Vernon  Harbord,  L.  C.  Hill, 
and  Sir  Arthur  Smout. 
Members  of  Council :    MoBsrs.  J.  C. 
Allan.    G.    Koith    Allen,    A.    T. 
Clunas  {West  Africa),  Prof.  C.  W. 
Dannutt.  MosHnt.  J.  H.  Deimison. 
K.    \V.    Diamond    {(Canada),    Sir 
Lewia  L.  Former,  Sir  Paul  CJuoter- 
bock.  Mr.  H.  K.  Holinra.  Dr.  N.  R. 
Juiinor.    Messrs.    E.   G.    Lawfonl, 
C.   O.   Lindlx^rg   (U.S.A.),   K.   A. 
Loring.   R.   S.   Ma<:killigin.  J.   D. 
Mca<i  {Malaya),  R.  (i.  K.  MorriHon 
(India),  GcxifTrey  Musgrave  (Rho- 
desia), J.  H.  Richtinl«on,  Konncth 
Ri<'hanis()ii   {South   Africa),    Prof. 
J.  A.  S.  Ritsoii,  MewHre.   Stanley 
Robson,      K.      H.     Skolton.     Sir 
Kiiniund    ().    'IValo.    Dr.    J.    H. 
Watson,     MfflsrH.     (J.     A.     Whit- 
worth.    A.    K.    O.    VVilliiuim,    Dr. 
David   WilliamH.   ami   Mr.   ().   H. 
Wo(  1(1  ward  (Australia). 
KX'OfJi'io  Mtmhtrs  of  Council  (Past- 
Pit'siiloiits)  :       .Mr*.ssr«.     .).      Allon 
Hn\v«^  anil   C    K.    J.ay<o«^k.    Prof. 
\V.     K.    .Inju's,    and  "  Mr.    S.    E. 
Tavlor. 


Election  of  Members  of  Council 
for  the  Session  1950-51    . 

As  previously  announced,  the  new 
Bye-laws  governing  the  constitution 
of  the  Council  and  its  mode  of 
election  will  affect  nominations  for 
the  election  of  Council  for  the  soosion 
1950-51.  Nominations  for  the 
election  of  Ordinary  Members  of 
Council  [see  Bye-law  27  (iv)]  and 
Overseas  Menilwrs  of  Council  [see 
Byo-law  28  (iii)]  should  be  sent  to 
the  Secretary  of  the  Institution  to 
reach  him  not  later  than  1st  Novem- 
ber. 1949. 

Annual  General  Meeting 

Tho  o8th  Annual  General  Meeting 
of  the  Institution  was  held  on 
ThuFAday.  19th  May.  1949,  at 
Burlington  House,  when  Mr.  W.  A.  C. 
Newman  delivered  his  Presidential 
Addrt^HH  on  '  The  role  of  the  Listitu- 
tion  in  present -day  educational 
development H  \  The  Address  and  a 
full  report  of  tho  Meeting  will  be 
jmblished  in  the  July  issue  of  the 
Bulkfiu. 

Army  Officers 

A  leaflet  litis  been  issued  by  the 
War  Oftiie,  entitleil  'The  Reserves 
of  Oilieers  and  How  to  Join  Them  '. 
It  sets  out  the  opportunities  for 
released  oflicers  to  join  the  Regular 
Army  Reserve  of  Otticers  (R.A.R.O.) 
or    the    Army    Ollieera    Emergency' 
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Keterve  (A.O.E.R.)  in  addition  to 
dcMoribing  Uie  separate  arrange- 
menta  for  the  Supplementary  Re- 
■erve  of  Officers  and  Territorial 
Army  Reaerve  of  Officers  (T.A.R.O.). 
The  invitation  to  join  is  at  present 
extended  only  to  officers  who  have 
held  commissions,  other  than  Supple- 
mentary Reserve  or  Territorial  Army 
commissions,  on  full  pay.  Ex-officer 
members  of  the  Institution  may  be 
interested  to  read  the  leaflet,  copies 
of  which  may  be  obtained  from  the 
War  Office,  London,  S.W.  1. 

Candidates  for  Admission 

The  Comwcil  leeleome  eommtmieatiotu  to  a$siM 
Ikem  in  deciding  tehethtr  the  qualifieationa  of 
eandidtdet  for  adini*Hon  into  the  Inttiiulion  fulfil 
the  reqyirrmenit  of  the  Bfe-laiet.  The  appii- 
eaiion  formt  of  candidates  (other  than  those  for 
StudeniMhip)  vill  be  open  for  inspection  at  the 
ojfer  of  the  InstihUion  for  a  period  of  at  least  two 
months  from  the  date  of  the  Bulletin  in  which  their 
applications  are  annotinced. 

The    following   have   applied   for 
transfer  since  12th  May,  1949  : 

To  Membership — 

Ben  Lightfoot  {Maidenhead,  Berk- 
shire). 

Frank  Pinney  Long^ire  {Wareham, 
Dorset). 

To  Associate  Membership — 

John  Anthony  Desmond  Bell 
{Prestea,  Qold  Coast  Colony). 

Anthony  Vernon  Bradshaw  {Alem- 
t^o,  Portugal). 

John  Henry  Knapp  {Bukuru,  North- 
ern Nigeria). 

David      Ronald      Mitchell      {Crow- 
borough,  Sussex). 
The    following    have   applied   for 

admission  since  12th  May,  1949  : 

To  Associate  Membership — 

Ernest    Thomas    Edward    Andrews 

{Barberton,  Transvaal). 
Syed  Kazim  {Saijabad,  Hyderabad, 

India). 
Victor   Edwin    Peterson    {MuJuUra, 

Northern  Rhodesia). 
P.   N.   Vijaya  Raghavan  {Oorgaum, 

Mysore  State,  India). 

To  Studentship — 

David  John   Ivor  Evans   {Warling- 

ham,  Surrey). 
William     Bernard     Hall     {N^kana, 

Northern  Rhodesia). 
Giles  Freathey  Oats  {Hove,  Sussex). 
Kenneth  Bernard  Piatt  {Camborne, 

Comuxill). 


News  of  Members 

Members,  Associate  Members  and  Students  ars 
invited  to  supplp  the  Seeretmrjf  with  persomal  news 
for  piMieation  under  this  heading. 

Mr.  J.  R.  Bexoh,  Student,  has  left 
England  for  the  Gold  Coast. 

Bfr.  C.  W.  Cayzbr,  Member,  has 
been  appointed  general  manager  of 
the  Emperor  Gold  Mining  Co.,  Ltd., 
Fiji. 

Mr.  C.  O.  Champion,  Student,  is 
returning  to  England  on  leave  fipom 
Nigeria. 

Bfr.  W.  W.  Connor,  Associate 
Member,  has  returned  from  Australia 
and  has  joined  the  staff  of  the  Zinc 
Corporation,  Ltd.,  in  England. 

Mr.  L.  A.  C^oziBR,  Associtite 
Member,  has  left  Bolivia  on  his 
appointment  as  mine  superintendent, 
Loloma  (Fiji)  Gold  Mines,  N.L. 

Bfr.  C.  B.  Curtis,  Student,  has 
returned  to  England  from  the  Gold 
Coast. 

Mr.  John  Davby,  Member,  has 
arrived  in  England  from  Chile. 

Mr.  G.  A.  W.  Dove,  Student,  has 
returned  to  England  from  British 
Guiana. 

Mr.  S.  J.  Earl,  Student,  has  left 
England  for  the  Gold  Coast. 

Mr.  E.  F.  EuLAV,  Member,  has 
returned  to  Malaya. 

Mr.  E.  A.  Fisher,  Assoeiette 
Member,  has  arrived  in  England  on 
leave  from  Bfalaya. 

Mr.  F.  H.  Fitch,  Associate  Mem- 
ber, is  returning  to  England  on  leave 
from  Malaya. 

Mr.  C.  C.  Freeman,  Member,  has 
arrived  in  England  from  Adelaide 
and  will  be  here  until  October. 

Mr.  S.  F.  Gandar,  Student,  has 
left  England  for  Northern  Rhodesia. 

Mr.  A.  I.  George,  AssocicUe 
Member,  has  been  appointed  general 
mines  manager  of  tho  Ashanti  Gold- 
fields  Corporation,  Ltd. 

Mr.  Donald  Gill,  M.C,  Member, 
has  left  England  on  a  vinit  to  Nigeria. 

Mr.  J.  H.  Hohnen,  Associ^e 
Member,  has  Yhhui  appointed  field 
manager  of  New  Guinea  Guldfields, 
Ltd. 

Mr.  W.  P.  HoKNE,  Associate 
Member,  ia  returning  to  England  on 
leave  from  Kenya. 

Mr.  K.  E.  W.  Hi'GHES,  Member, 
has  left  Johanriosburg  and  is  now  in 
South  Wc8t  Africa. 

Mr.  L.  G.  Hutchinson,  Member^ 
has  left  England  Cor  \\\e  OoV\  ^o«a\.. 
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Bfr.  H.  D.  M.  Jaoer,  Associate 
Member,  who  was  formerly  in  India, 
IB  now  in  Vancouver,  B.C. 

Mr.  A.  L.  Job,  Associate  Member, 
has  left  Ipoh  and  is  now  in  Selangor, 
Malaya. 

Mr.  G.  R.  Jones,  Associate  Mem- 
ber, has  returned  to  England  from 
India. 

Mr.  B.  S.  Lahba,  Associate 
Member,  has  been  appointed  Deputy 
Director,  Indian  Bureau  of  Mines, 
Delhi. 

Mr.  J.  K.  Lindsay,  Member,  has 
arrived  in  England  on  leave  from 
India. 

Mr.  C.  B.  LouBSEB,  Associate 
Member,  has  left  Johannesburg  and 
is  now  omployeil  by  Groothoek 
Chrome  Miners,  North-east-cm  Trans- 
vaal. 

Mr.  D.  A.  Mac'kay,  Metnber,  is 
returning  to  England  from  Malaya. 

Mr.  G.  F.  Mead.  Associate  Mem- 
ber, has  left  West<?m  Australia  to 
take  up  an  appointment  in  Mel- 
bourne. 

Mr.  D.  R.  Mitchell,  StudefU,  has 
arrived  in  England  on  leave  from 
Malaya. 

Mr.  L.  E.  T.  Parker,  Associate 
Member,  has  arrived  in  England  on 
leave  from  Iran. 


Bfr.  H.  Pasgoe,  Associate  Member^ 
has  returned  to  England  on  leave 
from  South  Africa. 

Mr.  R.  A.  Purvis,  Member,  is 
arriving  in  England  in  June  on 
leave  from  the  Gold  Cocust. 

Mr.  R.  H.  Skelton,  Member,  has 
left  England  on  a  visit  to  Ceylon. 

Mr.  A.  Spaboo,  Associate  Member, 
has  returncHl  to  Engleuid  on  leave 
from  Nigeria. 

Mr.  D.  V.  G.  Tregaskis,  Student, 
has  arrived  in  England  from  Nigeria. 

Mr.  J.  K.  Walker,  Associate 
Member,  has  arrived  in  England  on 
leave  from  India. 

Mr.  H.  B.  Watson,  Associate 
Member,  has  joined  the  staff  of  the 
Ministry  of  Fuel  and  Power. 

Mr.  P.  N.  White,  Associate 
Member,  has  left  Northern  Rhodesia 
for  England  on  leave. 

Mr.  L.  Wilton,  Student,  has  left 
England  for  India. 

Addresses  Wanted 

A.  Armstrong.  ,  G.  C.  Morgan. 


D.  S.  Broadhurst. 
J.  A.  Cockijig. 

E.  Dickson. 
R.  B.  Hicks. 


G.  H.  Pinfield. 
A.  I.  Scott. 
A.  Sloss. 
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Books  (excluding  vorkM  marked  •)  may  be  borrovtd  by  metnfters  personaUif 
or  by  post  from  the  Librarian,  424,  Salisbury  House,  London,  £»C,  2. 


Books  and  Pamphlets  : 

Bell,  H.  S.  Oil  shales  ami  shale  oils, 
N.Y.  :  Van  Noatrund,  1948.  l.'S? 
p.,  illiis.,  diagrs.,  tabs.,  bibliou.  22s. 

Bowles,  Oliver.  Af*betitos  :  the  silk 
of  the  mineral  kingdom,  N.Y.  : 
Rubon)id  Co.,  1946.     39  p.,  illus. 

Bcscn,  Josef  rtwc/  G  ass  man  n,  Werner. 
Elekfrischc  Frrn mddcv inrichtungen 
im  (irubenbvtriib,  (Elet'trical  sig- 
nalling iiistullations  in  under- 
gromid  wt)rking8.)  Esson  :  Gliick- 
auf,  GmbH.,  1949.  143  p.,  illus., 
diagrs.,  tabs. 

Cement  and  Concrete  Associa- 
tion. Biblio(jrnj)hij  of  awcnt  and 
concrete.  London  :  The  Associa- 
tion, February  1 949.    46  j). 


Crosfieli),  Joseph,  &  Sons  Limited. 
Sorbsil  brand  ttilica  gel,  rev,  ed. 
Warrington  :  The  Company,  1948. 
24  p..  diagrri. 

Davies,  Howell,  ed.  The  South 
American  handbook  J 948  :  guide  to 
the  countries  and  resources  of  South 
and  Central  America,  Merixo  and 
Cuba.  London  :  Tnwle  euid  Travel, 
1948.    778  p.,  maps,  tabs.    7s.  6d. 

Jones,  W.  R.  and  Williams,  David. 
Minerals  and  mineral  deposits. 
London  :  Oxford  University  Press 
(Homo  University  Library),  1948. 
248  ]).,  map,  diagrs.,  glossary.    5s. 

Read,  H.  H.  Geology  :  an  introduce 
tion  to  earth-history,  London  : 
Oxford  University  Press  (Home 
University  Library),  1949.  248  p., 
illus.     OS. 
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Schui/tze-Rhonhof,  D.  Herbert  and 
Klinoeb,  Konrad.  Orubenbrand' 
Versuche :  UrUerauchungen  Hber  die 
Entstehimg,  die  Verhutung,  den 
Veriauf  und  die  Bekdmpfuny  von 
Orubenhrdnden.  (Mine  fire  research; 
investigations  of  the  origin,  pre- 
vention, outcome  and  control  of 
underground  fires.)  Essen  :  Gliick- 
auf,  GmbH.,  1948.  191  p.,  illus., 
diagrs.,  biblio. 

Society  of  Eoonobhc  Gboloqists. 
Annotated  bibliography  of  economic 
geology,  vol.  19,  1946 :  vol,  20, 
1947.  Urbana.  111.  :  Economic 
Geology  Publishing  Co.,  1946, 
1947.     184  p.,  196  p.     $5  each. 

*Xrelease,  Sam  F.  The  scientific 
paper  :  how  to  prepare  it  :  how  to 
write  it.  Baltimore  :  Williams  & 
WUkins,  1947.  152  p.,  tabs., 
biblio.      $2. 

Wabbubo,  Otto.  Schwermetalle  ala 
Wirkungagruppen  von  Fcrmenten. 
(Heavy  metals).  Berlin  :  Werner 
Saengor,  1948.  195  p.,  illus., 
diagrs.,  tabs. 

Weil,  B.  H.  and  Lane,  J.  C.  The 
technology  of  the  Fischer-Tropach 
process.  London  :  Constable,  1 949. 
248  p.,  illus.,  diagrs.,  tabs.,  biblios. 
22s.  Od. 

Wuxcox,  Frank.  Mine  accounting 
and  financial  administration,  Tor- 
onto :  Pitman,  1949.  489  p., 
diagrs.,  tabs.    428. 

Government  Publications  : 

Bbitisu  GriANA,  Geological  Sub- 
VEY  Dept.  Report  on  the  .  .  ,  for 
the  year  1947.  Georgetown,  Denie- 
rara  :  Govt.  Printer,  1948.  39  p., 
maps. 

Canada,  Dominion  Bireau  of 
Statistics.  Ann^uil  report  on  the 
mineral  production  of  Canada  dur- 
ing the  calendar  year  1945.  Ottawa  : 
Govt.  Printer,  1948.     310  p. 

Canada,  Dominion  Bi;reat:  of 
Statistics.  Preliminary  rejyort  on 
the  mineral  production  of  Canada 

1947.  Ottawa  :  The  Department, 

1948.  29  p.,  tabs.     25c. 

Canada,  Statute  ft.  The  f^meryency 
Oold  Mining  Assiatanct'  Act  aiid 
The  Emergency  Oold  Mining  As- 
sistance Regulations.  Ottawa  : 
Dept.  of  Mines  and  Resources, 
1948.     40  p. 


EiLENDBR,  Walther,  senior  author. 
Ferrous  metallurgy:  Vol.  1. 
(FJ.A.T.  review  of  Oerman  science, 
1939-1946.  Germany  :  Military 
Govt.,  1948.  367  p.,  tabs.  (Ger- 
man  text.) 

France,  Bubeau  d'Etudes  Geolo- 
QiQUES  et  Minieres  Coloniales. 
Annuaire  des  mines  et  mitaux 
hruts  de  France  et  de  V  Union 
Francaise  1948.  Paris  :  Le  Bureau, 

1948.  638+52  p.    905  francs. 

Gt.  Britain,  Geological  Survey 
Office.  Geology  of  the  northern 
Pennine  orefield  :  vol.  1.  Tyne  to 
Stainmore,  by  K.  C.  Dunham. 
London  :  H.M.S.O.,  1948.  357  p., 
maps,  diagrs.,  tabs.,  biblios. 
17s.  6d. 

Gt.  Britain,  Geological  Survey 
Office.  Petrology  of  the  Northamp- 
ton sarui  ironstone  formation,  by 
J.  H.  Taylor.     London :  H.M.S.O., 

1949.  Ill  p.,  illus.,  map,  diagrs., 
tabs.,  biblio.     12s.  6d. 

Gt.  Britain,  Geological  Survey 
Office.  A  prospector* s  handbook 
to  radioactive  mineral  deposits,  by 
C.  F.  Davidson.  London  : 
H.M.S.O.,  1949.  28  p.,  glossary. 
6d. 

Gt.    Britain,    Ministry    of    Fuel 
^  AND  Po>\'ER.     Report  of  the  Com- 
mittee on  Mining  Subsidence,    Lon- 
don :  H.M.S.O.,  March  1949.  39  p. 
9d.     (Cmd.  7637.) 

Manitoba,  Dept.  of  Mines  and 
Natural  Resources.  19th  annual 
report  on  mines  and  minerals. 
Winnipeg  :  King's  Printer,  1948. 
100  p.,  tabs.,  biblio. 

Manitoba,  Statutes.  Regidations 
under  *  The '  Mines  Act '  ;  for  the 
disjiosal  of  mining  claims  atui 
placer  claims  on  crown  lands  iw 
Manitoba.  Winni|M'g  :  Dept.  of 
Mines    and     Natural     RefM)urccs, 

1948.  80  p.,  maps,  diagrs. 

New  Brunswick,  Deft,  of  Lands 
AND  Mines,  11 2th  annual  report  for 
the  year  ended  31st  October  194H. 
Fredoricton,  N.B.  :  Govt.  Printer, 

1949.  153  p.,  illus.,  maps,  tabs. 

Nova  Scotia,  Deft,  of  Mines. 
Annual  rejntrt  on  mines  1948. 
Halifax,  N.S.  :  King's  Printer, 
1949.  209  p.,  illiis.,  maps,  diagrs., 
tabs. 
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Rhodesia  Chamber  of  BfiNES.  9ih 
annual  report  /or  the  year  1947. 
Bulawayo  :  The  Chamber,  1948. 
46  p.,  tabe. 

STEiNifETz,  Hermann,  senior  author. 
Mineralogy.  {FJ.A.T.  review  of 
German  science,  1939-1946.)  Ger- 
many :  Military  Govt.,  1948.  304 
p.,  tabe.     (German  text.) 

Uganda,  Statutes.  The  Mining 
Ordinance,  1949  :  The  Mining  Reg- 
ulations. 1949  :  The  Mining 
{RoycUty)  Regulations,  1949  :  Legal 
notices  nos.  23-26  of  1949.  En- 
tebbe :  Govt.  Printer,  1949.  116  p. 
Is. 

Union  of  South  Africa,  Deft  of 
Mines.  VermicuUite  and  the  work- 
ing of  the  Palabora  deposit,  by  J.  E. 
Laschinger.  ( Government  Metal- 
lurgical Laboratory  Memoir  no.  3.) 
Pretoria  :  Govt.  Printer,  1946.  26 
p.,  diagrs.,  tabs.,  biblio.,  flowsheet. 

U.S.A.,  National  Bureau  of  Stan- 
dards. Standard  samples  issued  or 
in  preparation  by  the  National 
Bureau  of  Standards.  Washington, 
D.C.  :  Govt.  Printer,  1949.  19  p., 
tabs. 


Proceedings  and  Reports : 

Faradat  Society.  The  phyaioal 
chemistry  of  process  mdaUurgy. 
London  :  The  Society,  1948.  344 
p.,  iUus.,  diagrs.,  tabs.     30b. 

Institution  of  Chemicai.  Engi- 
neers. Transactions,  vol.  24, 1946, 
London  :  The  Institution,  1949. 
141  p.,  illus.,  diagrs.,  tabe. 

InSTITUTO  GbOLOOICO  Y  BflNERO  DE 

EsPANA.  El  Petroleo,  by  D. 
Ruperto  Sanz.  Madrid  :  £1  In- 
stituto,  1948.  217  p.,  maps, 
diagrs.,   tabs. 

Maps : 

Saskatchewan,  southern,  surface  de- 
posits.  Geologiced  survey,  pre- 
liminary maps  48-18.  Scale  :  1  in. 
=  6  ml.  Ottawa  :  Dept.  of  Mines 
and  Resources,  1948.    2  sheets. 

Yellowknife,  Northwest  Territories. 
Geological  survey,  preliminary 
maps  48-17.  Scale  :  1  in.=  500  ft<. 
Ottawa :  Dept.  of  Mines  and 
Resources,  1948.  2  sheets.  (Des- 
criptive notes.) 
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Bulletin  de  documeutatinn  mGdiculo  no.  6. — 
/iMf.  II yg.  Min.  {Pvbl.),  Uassclt,  Geo.  100, 
1M9,  18  p.    (Ty{M?acriiit.) 

8   ECONOMICS 
881   Labour 

331.2(493) 

L*£ volution  des  salairee  dana  lc8  minos 
beiges  dopuifl  la  oonveution  dft  1920.  CEvolii- 
tion  of  wa(?08  iii  BoUfian  mines  KJure  Un* 
fonveution  uf  I'J'.M).)  Gt-onffs  Loptilain.  -Ann. 
Min.  lirhf.y  HruxelU*,  48,  Pt.  1,  194U,  1MS-U8, 
tabs. ;   Pt.  2,  198-202,  tat^j. 

331.2(082) 

ronditious  in  thi?  cold  Indnstrr  (crmlinurd). 
The  Gold  PnidiioiTa'  Committed'  "f  tlio 
TraiiRvual  Chambur  «if  Min<:-8  on  \\:u;o  rin-j. 
etc.,  of  ffuploTifS.— .S.  Afr.  Min.  J-.'rujnij.  J., 
JljurceO,  1M.*1.  Mnrrb  2G  191l>.  llT-i'l".  lulta. ; 
April  2,  I«7-71.  tahii. 

331.23  :  «22.i'Mi.5 

Pr&mii'n  hoi  der  rborwairhnnc  ik'H  Wahlonun 
Strthaiuihaiit;.  (Botuisi  whenif-*  f<»r  tho  KUptT- 
vinioii  <i(  wiirkink;  with  st«-<l  siippun^.)  K;irl 
TtfthWrU.-  .(.lurkauf,  lisM-n,  85.  April  '.♦  J9I'.>, 
269-62.     4  DM. 


331.824.2 

ClianL'p  lioiifli^  in  the  Tiake  >*nperior  ilistriif . 
Fnink  E.  Cash  anil  liny  G.  Stott.  -C.S.  /tur. 
Min.  Inform,  f'irf,  74K9,  Wash.,  I).r,.  Jan. 
I'.i49,  '2\\  p..  illiiB.,  diat,'ra.,  Mblio. 

882.4  Gurrency 

332.4 

Tho  worM  pric<'  of  »jold  ;  a  <*ommpnT  on  l>r. 
Bu-w«.'liau'i»  paper.     C.  S.  Itiohanis. — S.   Afr. 
Min.  Engnq.  J.,  J'lmrK.  60,   Pt.    1,  April  1»» 
1H4',»,  213-17,  tabs.,  bihlio.     rtd. 

332.4 

Tho  world  price  of  trold ;  a  caw  for  itt* 
ini;n';isi'.  \V.  J.  Huss<-1ihu.--.iS.  Afr.  Min. 
Kwjmj.  J.,  J'buru,  60,  Pt.  1,  1949;  April  2, 
i:i3  7,  17;i,  tubs. ;  April  9,  lSr)-9,  201.  talni, 
lid.  c.ich. 

338.2   Taxation 

33<;.2(71) 

.<umni.iry  n-vicw  of  dominion  tax  ami  other 
IcfrUlation  *  allfctinu'  niinint;  onti^rprisea  in 
Can.i'la.  \V.  H.  Tinun.-  f'anaJ.  D^p.  Min. 
I'uh..  Ottawa,  l).v.  1948,  2»;  j).     (Typi'm'ript . > 

338.58   Costs 

33i«.5s  :  j;'J2.2r» 

Shafts  of  thf  New  « 'onsnlidated  Gold  Kieldn 
f^'nuip.  rHi'ttnry.  planning;,  ainkiu^r,  veutila- 
lioii,  rosl-,  (U-.)  J.  T.  .Mi'lnlvro,  — J.  '"It^m. 
Soc.  .N".  Afr.,  Jburv.  49,  l>w.  194S,  197-272. 
iihi!«.,  di:ii:rK.,  tui>s.     (is. 
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347.149(675) 

Lft  regime  minSer  «a  Oongo  Belg«.  (Mining 
hgiilitiop  In  tbe  Bdginn-Oongo,  iDcIudlng 
BoandA-UnmdL)  J.  Frederick  and  G.  Hyman. 
—Atm.  Jlim.  Belg^  Braxeiles,  48,  Pt.  1, 1949, 
89-M,  map. 

347.349(676) 

Le  rfiglme  I^al  dea  mlnea  an  Oongo  Belm. 
(Mining  law  in  the  Belgian  Congo.)  F.  DeUi- 
ooor.— A«T.  Univ.  Min,^  Li^,  Sf  9th  Ser., 
April  1949,  123-6.    60  francs. 

347.949(71) 

Summary  review  of  dominion  tax  and  other 
leglalation  affecting  mining  enterpriaes  in 
Canada.  W.  B.  Tlmm.— CaiKKf.  Dep.  Min. 
Fub.t  Ottawa.  Dec.  1948,  26  p.   (Typeacrlpt.) 

68  PHYSICS 

634.331.9 

Industrial  applications  of  ultrasonics. — 
B.I.O.S.  Final  Report  1504,  Item  21,  22, 
Lond.,  H.MiJ.O.,  1948,  II  p.,  illus.,  diagn. 
36.  6d. 

634.321.9 :  620.1 

I'ltraaonic  material  testing  and  other  appli- 
cations.—B.I.O.S.  Final  Report  1679,  Item  9, 
Lend..  II.M.d.0.,  1948,  68  p.,  illus.,  diagn. 

639.316.4 

The  determination  of  particle  size  distribu- 
tj<in  by  means  of  the  photoelectric  sediraeut- 
ometor.  S.  II .  Branaom  and  W.  J.  Dunning.--* 
J.  Hoc.  Vhem.  Ind.,  Lond.,  68,  March  1049, 
8<M.  bibUo.     4s. 

64  CHEMISTRY 
648.6  Analysis  of  rocks  and  minerals 

643.6  :  M4.83 

La  mioroanalyse  qualitative  min^rale.  Ij. 
Tniffert.— ^Mti.  Amipt.,  PariP,  31,  April 
1949,  76-9.  biblio. ;  May  (concluded),  106-9, 
biblio. 


644/646 


itativs    and     qnantltativs 


Qnalii 
Iy& 

645.2  :  546.41 

A  nphl  determination  for  calcium.  (6«»ap 
titration    method    at    I^kn    Shore   cyanide 

Slant.)     J.  E.  Williamaon.  — A'ni^n^.  Afin.  7., 
'.Y.,  160,  March  1949,  75.     50  ccntA. 

649   MINERALOGY 

649.1  :  546.48 

Separation  of  cadmium  (mm  larKc  quantities 
of  line.  (Zinc  dust  in  wanii  dilute  sulphuric 
aciil.)  C.  W.  Barker  and  others. — Metallurgia, 
Manchr..  89,  March  11149,  2C0.     2b. 

649.621.1 

Thermochrmical  studr  of  the  olivines  and 
orth^yroxenoe.  Tli.  (r*.  Sahama  ami  1).  it. 
TonjMOn.— r..*r.  Bur.  Min.  RtTt.  Inrftt.  4408, 
Wash.,  D.C.,  Feb.  1949,  24  p.,  talni. 

649.623.7 

Serpentines  et  serpent iniiiat ion.  'J.  M. 
Cottflo  Nelva.  —EstuJ.  .\oUu  Trafj.  Serr.  Foin. 
Min.,  Lisbon,  4.  Fas/'.  1,  19 4H,  14-3<>,  illus., 
tat«.    (Englkah  summary. ) 

649.641.21 

Thermochomical  study  of  the  Rtahility  rela- 
tion of  geikiellte  and  illmonite  in  *n>ckK. 
Th.  O.  Bahama  and  D.  H.  Tonjeson.  - r.5. 
Bur.  Min.  Rep.  Inreat.  4407,  Wanh.,  D.C.. 
Feb.  1949,  14  p.,  tabs. 


66  GEOLOGY 

66(    )  RsAioiiai 

65(438.6) 

Penno-trlaMic  geokMnr  of  ■oath  Ounberisod 
and  Fumeas.  K.  0.  Danliam  and  W.  a  0, 
Bote.— Proe.  00^4.  Am.,  Lond.,  60,  Pt.  1, 
March  1949, 11-40,  map,  diagis.,  tabs.,  biblio. 
6a. 

66^678.6) 

Oeolo^  of  north,  west  and  central  NJ(»kb6 
district,  Southern  Higtilands  prorinoe.  Qt.  M. 
Stockley.— Biitf.  Oed.  Slav.  TanffonifilM  18, 
Dar-ea-Salaam,  1948,  70  p.,  maps,  dlagES., 
tabs.,  biblio.    8s. 

85(712.7) 

Yellowknife  area.  Northwest  Tfenltoiles. 
J.  P.  Hendenon.— Caiud.  Geol,  Swrv.  Fop, 
48-17,  Ottawa.  1948,  6  p.,  maps. 

66(713.11) 

OeologT  of  Beatty  township.  J.  Satterty 
and  H.  S.  Armstrong. — Ont.  Dep.  Min.  Ann, 
Rep.t  Toronto,  68,  Pt.  7,  1947  (1949),  34  p., 
Ulus.,  map,  tabs. 

55(714) 

Preliminanr  report  on  Albanel  Lake  map- 
area,  Mistaaslni  territory.  James  M.  Neilson. 
— Quebec  Dep.  Min.  Prelim.  Rep.  P.  B.  394, 
Quebec,  1948,  13  p.,  map. 

55^714) 

Preliminary  report  on  the  Portneuf  map- 
area,  Fortneuf  and  Ixitbiniere  counties. 
T.  H.  Clark.— giM^ec  Dep.  Min.  Prelim.  Rep, 
P.  R.  225,  Quebec,  1948,  10  p.,  map. 

55(714) 

l*rellminary  report  on  the  Rawdon  area, 
Montcalm  and  Jollette  counties.  Rene 
BelasiA.— Quebec  Dep.  Min.  Prelim.  Rep.  P.  R. 
226,  Quebec,  1949,  10  p.,  map. 

660.4  Geochemistry 

550.4:553.191.3 

The  ziriNinium  on*  deposits  of  the  Pooos  de 
C-aldas  plateau,  lirazil,  ami  zinvjnium  geo- 
chemistry. I),  (iuimaraes.— Ao<.  ImtitutQ 
Technol.  Intlustr.  6.  Uelo  llorixnnte,  -1948, 
78  p.,  illus.,  map,  diagrs.,  tabs. 

660.8  Prospecting 

55<J.H(712.1) 

}Y(Mii(>«*tink;  In  Yukon.  H.  S.  Bustock. — 
W.  MiHtr,  Vancouver,  B.C.,  22,  April  1949, 
166-70.    50  cents. 

550.8  :  520.918.52 

Oil  Btrui'tnn*  discovery  t)y  aortal  photo* 
graphv.  Hcniaril  M.  \U-i\i']i— Mines  Mag.^ 
Denver,  89,  ll»l»,  Jan.  13-1.') ;  41 ;  Fob.  13-10; 
42,  illus.,  dia^TA.,  biblio.    5o  rents  eacli. 

550.8-195 

lostniments  for  menmiriiu;  ro'liriactivity. 
C.  J.  ii(irkfm-8ki.  -Analyt.  Chrrti.,  Kaston, 
Pa.,  21.  March  194'J,  318-52,  illurf.,  dioffrs., 
tabs.,  bibliu.     80-50. 

650.«-19.").2 

}*rospfH'tiM»'  for  uranium.  Jnhn  S.  Steven- 
son.—Jr.  Miner,  Vancouvt-r.  B.C.,  22.  Miuri-h 
1949.  4i'-.'».    :»n  cent*. 

630.8-«> 

Tho  appliratiou  of  ^colovy  in  the  fwan^h 
for  im  hut  rial  mineral  lU'iKMltM.  A.  8.  Dawiion. 
—niwvl.  Min.  MiUiU.  HuU.  442  (T/wm.,  62. 
1949,  2:m;)  Miuitreal,  Fct>.  1919,  49^2.    81 
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650.83 

How  can  peophynics  be  of  better  service  to 
the  mining  industry  ?  C.  B.  Heiliuid.— 
Oeoph^Mict,  Ilouaton,  Tex.,  18,  Oct.  1948, 
635-9. 

650.83 

A  new  mpthfxl  of  intorpretat  Itm  of  wlf- 
potential  field  data.  L.  de  Witto.— //w- 
phy$ici,  nouBton,  Tex.,  18,  Oct.  19 1»,  «>«K)-><, 
diagri. 

660.83 

(ksao.  aapo^tA  of  ore  <lcpoBitf«  important  in 
geophysical  w»»rk.  Cienrge  M.  S<'hwartz.  — 
Oeophiiirt,  Houston,  Tex..  18,  Oft.  1948, 
640-9. 

650.83 

Some  limiting  fartore  and  problems  of 
mining  Reophysiffl.  A.  A.  iimnt. —i/eophysirx^ 
Houston,  Tex.,  18,  Oct.  1948,  55(^-83. 

650.83(433) 

Gkophysikalische  Probleme  im  t>ayriflch- 
■chw&bisrtien  Donau-Kauni.  ((roofibysirnl 
problems  in  the  Ravarian-Swabiaii  Uanube 
area.  H.  Reich.— A'rilo/  m.  Kohle,  Tlambur*;. 
8,  3Iaroh  1949,  81-7,  diagm.,  »)iblio.    DM.  5. 

650.83 :  r)53.3/.t 

The  practical  view  in  get^phj-sical  explora- 
tion for  metallic  oro  ttodies.  1*.  C.  Amwtrong 
and  1).  M.  Daviiison.— ^/«)pAy«iM,  Houston, 
Tex.,  18,  Oct.  1948.  S.llMi. 

660.83  :  553.083(73) 

Qeophysieul  activity  in  the  oil  industry-  in 
the  Unite«l  Stat<»  in  19-47.  K.  A.  K«:khanit.— 
Oeophvtirs,  Houston.  Tex,.  18.  Got.  19 IS, 
629-34. 

660.831  :  553.411(7K9.1t'>) 

Gravity  meter sunoy  loa<ls  to  ore  diiu^overy. 
(Lead,  zinc  firnbody  on  tlie  IIoa«*toii-ThoinaB 
prospivt,  Silver  Pity,  New  M«'xii-o.)  Fn.xlrriok 
Rombertf.  Ktupig.  Mi».  J.^  S.Y.,  150.  M.iroh 
1949,  62-0,  ilijurrsi.,  biMio.    .'lO  I'f'iiU*. 

550.831  :55r,.9«(4l(»> 

(Jnivitv  il.ita  ()btain<-«l  in  J.Jn'ut  liritjun  by 
the  AjiKio-Am«"rir:in  Oil  Company  Limite.l. 
Peter  11.  N'.  ^\  bile.  -Qt.  ./.  </»«/.  S(h:  jAiml., 
104,  l*t.  :!,  M.mb  li«in.  :iri'.>-r,l,  iii;ips,  .li:iirra.. 
biblio.    UK 

550.l!i37  :  r>53.r>31 

Kle«'trii'.il    sur\-eyt»    of    .umxo    ^li:illi»\v    s:ilt 
domes.         W.     Iira«ll«*v     Ij«'\\i-<.-   (hnphuxics, 
nouPTon.  Te.x.,  13,  0<l.  I'.MS.  .'iH.')-'.*,  .liujrrs. 

5r»(i.s;i7.<» 

Theory     and     pnu-tict'    <»f  |ii\\-fr.-.|uoTi'\v 

ele«'tro-iiiai^ieti»'    exploratinti.  Ilnjiknii    .\1. 

Evjen.  -^'f-n^^AyiiV-s  lb>u«^li»ii,  Tox.,  13,  <)■'. 
iy4«.  r.s4  U4. 

550.871 

Further  studUfrt  in  I'in^'iiNbeniistry.  (  Thn 
n;latloMship  bi-tw«.'en  the  niiixTiI  riunnu  i>f 
pliiiits  :iinl  tlie  unib-rlyiTi:;  soil<  Hinl  r<N-k«%  as 
ameaiis«'f  jTosptnUiiL'.)  \\mt\  V.  \V:irn'iuin<l 
Robert  K.  T)iliiv:mlt.  Hull.  i,rul.  Sm-.  Anur., 
Baltimore,  Mii.,80.  Mimli  l'.U:»,  r.:il  .v.',  tai-*.. 
biblio.     81. 

r)o('.s71 

JiioiZMK'heiMU'ftl  iuvi'stiL'Jiti'.'iis  in  Uriii->li 
f'oh nubia.  Harry  V.  \VaTT.-n  ami  Ibibi-n  V.. 
Delavaiilt.  -tt'Ophvfir.if,  Ibm-ion,  T\\.,  13, 
Oct.  r.»l>,  •JiiiJ  iM,'  tabs. 

ri5(i.'.C, 

Mensurinj.'  j:e(iliit.'ii-  tinie  by  Ui«*  stnuiliuin 
Tnetb'Ml.  I.<iiiis  AliHiH.-  /{till,  fit  nI.S-^'.  Am'-r. 
lialtinii^n-.  M.I.,  60,  Kcb.  IJ>  IH,  i' 1 7- •■.♦;.  .iiiisrr^.. 
tabs.,  biblio.    $1. 


551.8/Jt  Geological  pi 

551.2 :  533.445(783.44 -Homeatake) 

Structure  of  a  part  of  the  northera  Black 
Hills  and  the  Homesbake  mine,  Lead,  Soath 
Dakota.  James  A.  Nobln  and  others. — BmU. 
fjfol.  Soc.  Amer.,  Baltimore,  Md.,  60,  Feb. 
1049,  321-53.  illus.,  diaf^rs.,  biblio.    $1. 

551 .24 1.2 

Subsidence  in  the  lioug  Beach  haii>or  area. 
C-alifomia.  James  Gilluly  and  U.  8.  arant. — 
HhU.  (J^l.  Site.  Amer.^  Baltimore,  Md.,  60* 
Man-h  1949,  4(tl-530,  maps,  dia^.,  tabs., 
biblio.     81. 

552   PETROLOGY 

552.1  :  539.4  :  534.321.9 

l^ber  die  Bestimmnng  der  elaatischen 
Konstanteii  von  tlesteinoh  mit  UltiaficfaalL 
(On  the  determination  of  the  ehistic  constants 
of  ro*.'ic8  by  ultraionii^.')  Konrad  Bachor. — 
Erdnl  u.  Kohh,  Ilambunr,  2,  April  1949,  126-7, 
talis.    DM.  5. 

558  ECONOMIC  GEOLOGY 

658(...)   Reflional 

553(111) 

Mineral  resoun^es  of  Scotland.  Murray 
Maccnjifor.  -Min.  Proc.  ivU.  A*».  CoU.  Afgrt.^ 
I^.nd..  44,  1917,  74-6. 

553(438) 

Neue  Explorationen  in  Polen.  (New  mineral 
prospivtJuif  in  Poland.)  Rudolf  Noth. — Berg,- 
Bohr.-u-Ertl.,  Vienna,  65,  Pt.  4,  1949.  8-11. 

55.3(569.1) 

Syria.  ( Brief  notf^s  on  the  mineral  reflourccs.*) 
—Miner.  Tr.  A'otf*.  Wuah.,  D.C.,  88,  June 
19  IK,  lil. 

6.'i.'H«J7S,:.) 

ckoloiry  of  north.  winI  and  central  Njombe 
distrii't.  Soiitbeni  ili^blands  province.  (.}.  M. 
Suv.kley.  — /^iZ/.  <.Vo/.  S-trr.  Tanmnyika  18, 
Dur-is-'s.iIiLMu.  1'.»18,  70  p.,  maps,  diaprs., 
tabs..  blMio.     8s. 

:.rj:j(7ii.ir)) 

U"fiiirt  on  tlie  Stanley  art-a,  Tariboo  mining 
ili-trin.  .Stuart  S.  }Ii>llaiul.  -  BtJL  ll.f.  Dep. 
Min.  iM;,  Victoria,  B.i'.,  1948,  iUi  p..  illua., 
maps,  liiiMJTs.,  tabs.,  biblio. 

.=i5:j(71-M) 

Mineral  anMS  of  Vuki»u  :  Pt.  1.  W.  M. 
H.iiiliaTii. — I'nnnd.  Min.  J.,  Gurdeiivale,  P.Q., 
70,  April  l'.H'.»,  71-.". 

:m:5(71.".U) 

cieo|M;'v  of  Beatty  ti>\vu*-hip.  J.  Satterly 
ami  M.  S.  Arinstmn:.'.  Out.  H-p.  Min.  Aim. 
lifp.,  'I'on.iito.  56,  Pi.  7,  111  17  (19IU),  34  p.. 

illiis.,  iiiaji.  'abs. 

').•..'.(  7  7S) 

.MlriiiiL*  ami  niin'.nil  n.-soun'o*  of  MLsaourL 
J.   I).  I'orn^tir.     Bull.  Mn.  .Srh.  Min.  Te<J» 
.SfT.,  Jb»lla.  No.  7.3,  I><v.  PJIS,  on  p.,  Ulna., 
in.ip,  biblio. 

553.1     D«tcrinination,     properties     of 
economic  minerals 

."I'lll.l  :  a-'j'l. .'»:.' 

.Nb'tli'Hb'  ,li'  VoUianl  uiixliiii'o  i^oiir  le  iii><(.ig«: 
liu  inaii.Miie?^''.  b.  iWrti.iux.— '/ii/n.  .Ina/jfC.. 
J'jiris.  31,  April  l'.»4:».  i>4-s. 

.ViS.l  :  :>:>X'M 

liie  iionn<*  inteniati«inal»'  ile  caUbraiife  de* 
(■lmrb«iri-<  e-,i-rll'»  jKWJibli' ?  llenrv  Ca8«.in. — 
//"!/.  'f  Ind'istr..  Paris  30.  April  194H,  79-S«, 
lib-*. 
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«»S.12 :  5S6.826 

Polishing  mineral  fpocimenB;    dracriptiun 
of   a  triple  holder  suitable  for  an  onliuary 
rotating  lap.    A.  F.  Hallinond.— J/tfn.  Mttg.^ 
Iioiid.,  80,  AprU  1949,  SlS-5,  diainn.    U.  6d. 

553.12 :  &S5.828 

A  method  for  polishing  s^ctium  of  orra. 
£d«rard  Hampson. — Earn,  iieol.^  lAncastor, 
Fa.,  46,  March-April  1949,  119-27,  illiu.     81. 

8S8.8   Ore  depoaitlod 

«»53  **  *  Vi9  6** 

The  sjrtwi  Mg()-«K)a-HaO.  N.  L.  Bowon 
and  O.  F.  Tuttlo.— Autf.  (itol.  Hoc.  Anur., 
Baltimore.  Md..  60,  Marvh  I9il),  4Sil-«0, 
illus.,   tab^M  biblin.     $1. 

4»53.2  :  A53.411 

RibTioii  straotun*  in  f^ild-quartz  voiik!. 
H.  E.  McKiiistry  and  E.  I..  Olile,  Jr.— Keon. 
<»«>/.,  Lancaster,  i»ii.,  46,  Maivli-April  1919. 
87-1(19.  illiM.     $1. 

SS8^/4  Metalliferous  deposits 

->53.3l(4f'.9) 

Gidements  de  mineniiK  do  for  dn  flud  da 
Portu^'aL  J.  Martini  du  r^ilva.  —Entud,  Xotat 
Trab.  .S^TT.  Fftn.  Min.,  hislMin,  4.  Fjwc.  1, 
194j<,  31-42,  illiH.,  m:ii»,  liiblin.  (Knijlish 
summary.') 

Inm-orp  n*er\-«»  in  the  Sin»?]it>linrn-0ris8a 
field.-  /row  I'tnl  Tr.  Krv.^  l/md.,  158.  March 
25  1949,041.     Hd. 

553.31(78«J.L'7) 

Inviwiiiration  of  th**  SliiN»p  Cn^lc  irrm 
di^frfwit*!.  Mmprijrr  rountv,  Mf)nt.  (J|i«nu  <". 
H(^\.-r.S.  Bur.  Min.'  llfp.  Iwritt.  4  4<m», 
\Vai«h.,   D.C.  Jan.   l!>1'.i,  U  ]•.,  m:ii>,  •iiii»,'T«.. 

tiib:«. 

ri03..'il(sii.»!> 

.Tazidik*  forrifi^nu  do  I'itaiiLnii  •>  S:mi  l.uiz, 
>rinti!i  Ifi.'niis.  I^niz  FflipfH*  (idn/mra  ile 
<*amp(«.— J/trwrar.  MttaL.  Kin  d>^  .liin<-iro, 
12,  Jan.-  Ffb.  llH*<,  L"j:»-7,  map.    (YSX.OO. 

Jazidafl  d<'  micTii-iit.-i  do  .Morm  (l<i  I'Vrro, 
Muriii-ipii>  do  Olivfim.  Minas  (ii-nus.  l.nriano 
.rft**qii«-s  do  Morui-H.  -Mivtrar,  Mttal..  lUn  «ie 
Janoim.  12,  Jan.-  Fei».  194^,  -J'.'."}-!.     (;r8S,(H». 

553. .VJ(  94.1) 

IJott'*  mans;(uic!44>  lud*',  Ci»oIctown.  A.  K. 
l}Qiunfai\.—Qd.  (,'ort.  Miti.  J.,  iirisl'iint;,  50. 
Jan.  1949,  4.1,  map.     M. 

55.1.4  n  r9  4 1  -TVHihrard  io) 

l^nk<T'j»  Find.  (''Hili/anlii'  iii-.trii*t.  ]\.  J. 
Wanl.-  M'.  Aiut.  Ihp.  Min.  Jit/,.  r.»|<5,  I'l-nlj. 
19 1>,    S5  -7,  maps. 

/»53.41  Un  41-C«wjlcardi»') 

Bavlov'rf  i.'niuji  -dxilijiirdii;  «lk*fri«'t.  11.  J. 
Wunl.  -If.  Aust.  Ihp.  Min.  li'j,.  lIMn,  iVrtb. 
194K,  «9-l»4,  Tat^. 

55.1.41 1(9 ll-O k)lear'U.  ) 

liurimnlu  |irr«'Jij>,  (.'Nil^'urilio  liistrii-t.  H.  J. 
Wani.--H'.  Aujtt.  Ihp.  Min.  lirp.  li»4r., 
Porth,  19  IS,  S7-9. 

553.4 1 1(!»4  l-Coril;:arilio) 

IlamptJin  pnuip-  ('«x)lL'ari]io  dis!ri<*t.  if.  J. 
Ward.-  W.  Au*t.  Dtp.  Min.  Hrp.  H»ir,,  I'lrtb. 
19^1»,  SJ>-5,  maps. 

553.-411.11(717.i'<j) 

Invf«tii;ation     of     limnu'titon     iiini  KinLT 

TiiAvnotito     ilt-pr.isiti*.     Kssi-x     i.-oiinty.  N.Y. 

KolM'rt  .*^.  i?anford  anil   I..   II.  Stiini-.  r.S. 

Bur.    Min.  Itt-p.   Inr»st.  44'»|.    Waxh..  I».C.. 
Jan.  1949,  4  p.,  map.  dLu-T. 


553.4S(52> 

Oopper  In  Japan.  John  J.  Collins. — Miner, 
Tr.  Note*  Spec.  Sypp.  26,  Wash,  D.C.,  May 

1948,  72  p.,  illus.,  majM,  diagre.,  tabs.,  biblio. 

553.43(713.31) 

The  I'opper-ntfkoi-roiialt  orrurrences  in  the 
Rex-Wemor  Lakes  area.  Ontario.  K.  O. 
Chisholm. — Prfaunbriam,  Winnipeg,  22,  April 

1949,  12-15.  53-1.  diagni. 

553.44(941-Conlgartlie) 

Progrow  n'iK>rt  on  the  rt»-sunrey  of  the 
Coolganlio  distriot^  (Vmlgardio  goldflcld. 
R.  8.  .Matheson.  — H\  Aust.  Ihp.  Min.  Rttp. 
1940,  Perth,  194H,  71-8,  maps,  tabs. 

55.1.441(409) 

Principaux  gisemonts  de  minorais  de  plomb 
et  de  zinc  du  Portiunil.  J.  I^.  (luimaracs  dos 
Santntn.-  Entud.  yotas  Tnib.  Srrr.  Font.  Min., 
Li8t>on,  4.  Fnso.  1,  1948,  1-13,  map,  tabs. 
(EngliHil  summary.) 

553.441(781.131) 

Invcritlgation  of  the  zinr-loo'l  depfislts  in 
horizons  bolow  tho  (rrand  Falls  chert.  Galena 

distrii-t,  Cherokee  county,  Kmw.  Otto  Ituhl  ' 

and    Ilomor  J.    Kallinkt'r. -- r'.<S.  Bur.    Min. 

Rep.   Inrftt.  439H,    Wat»h.,    D.C,  Jan.    1949, 
119  p.,  maiM,  dia^rre.,  tabs. 

55.1.415(13) 

AufsohhiSH  unil  .\ufbauarljeiten  dor  Orubo 
Maubaolior  lUoibcrg.  (Kxplanatinn  and 
stnictun;  of  tlio  Maubat'-h  mine  leatl  area.) 
Hans  Frit7.8«-lie.  Z.  Ershtrg.  MHailh.^  Stutt- 
gart, 2,  Man-h  1919,  70-8,  diagrs.    4  UM. 

0.")3.445  :  .'jr)l.*.'(7H3.11-TIomiwtako) 

Strui'tun'  of  a  part  of  tho  northern  Black 
IlillA  and  tho  liomc'stake  mine,  Iioa<l,  South 
Dakota.  Jamos  A.  Nobl»«  and  others. — 
Butt,  firttl.  Sor.  .lrn*r.,  Haltimori',  Md.,  60. 
Feb.  1949.  IC'l-'fJ,  lUiitt.,  •Ii:u;ni.,  biblio.     $1. 

553.4  ri(51> 

Tin.  (Dopnsitrt.  n««M'r\'os,  expirt*  and 
pPHluc'tion  in  rjdna.)  Miner.  Tr.  A'oTef. 
Wash.,  D.<:.,  26,  .May  191«,  14-17,  tabs. 

55.1.45(713.7) 

I'rc-liminary  roport  on  tho  Mnklat^^r  T^aki- 
tin  «lisc«jvi-r>''iiistrici  of  Tliun.lor  Biiy.  K.  O. 
Chirtliolm.  >>«/.  Ihp.  Min.  lini-  F-  «•  194}^11. 
Toronto,  Jan.  1919,  <i  p.,  nia^is,  diagrs. 

553.452 

Znni  Zinnkiivpntblom.  I'luil  Ramdolir.  —Abh. 
preuiis.  Akiul.  Wix*.  No.  -1,  Berlin,  1944,  30  p.. 
illu.s.,  bibiio.    (The  siaiMiito  pmbiem). 

553.4«2(79M.7) 

Inv(>ritii;arion  of  Miiir  iuloi.  or  Xunat:ik 
inolybiloinnn  lii'iiosit-*,  (rl:i"iiT  Hay,  south- 
fai«ti-ni  .\l:i8ka.      11.  S.  S;mfor.l  and  «ithorp. 

^•..S.  Bur.  Min.  Hip.  Inrtxt.  UJl,  WjwIi., 
T).C.,  Man;h  191'.».  0  p.,  nmpn,  di:ii:r».,  tab. 

5.')3.4ri.X51) 

Tnnt.'sti'n.  (I'liina    d»'i)o^itH,     r.>3«?rvcs. 

pr>^lii«-tion.>  Minrr.  Tr.  StttfX^  Wiish.,  D.C.. 
26,  May  194S,  I'l-i,  talw. 

553.471(783.25) 

^;am()Iing  of  lii-lon  Bnrvl  pogmatito.  r.'uster 
oouniv,  S.  Dak.  .lolm  I'aul  Oriiw.  —  f'..S.  Bur. 
Min.'li'p.  Inrftf.  i'AW,  Wa.«*h.,  D.C,  Jan. 
1919,  11  [>.,  di:i'.;r-<.,  t<ilM. 

553.4S(«;L') 

TIj"  dis'"ovory  «tf  nlckol  in  K'.^)t..  (At  the 
'  Ab  .-^wayol '  i-oppi-r  mino.)  (ifrtrndu  Labib 
.N'atwii!!.  Eron.  tit  til..  l/uicaKtor,  Pa.,  46. 
Map^h-April  I9i'.i,  143  5(),  iliagn*.,  taLii., 
bibUo.     81. 
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M3.48(713.31) 

The  oopper-nickel-oobalt  occnrreoces  in  the 
Bez-Womer  Isksm  area,  Ontario.  E.  O. 
Uhisholm.— Prwamftrian,  Winnipeg,  SS,  April 
1949,  12-15,  63-4,  diagiB. 

US.494.1(714.— AllArrI  Lake) 

Oeology  of  Allard  lake  ilmenite  deposits. 
Paol  Hammond.— ComJ.  Min.  MeUiU.  BuU. 
443,  (rnuM.,  62,  1949,  64-8)  Montreal, 
March  1949, 117-21,  illus.,  map,  diaspn.,  biblio. 
$1. 

658.494.3 

Zirconio  :  XUstorico,  apUcacoes  g  ocorrcuciaa. 
Beak  Fraylia. — Minerac.  iietal.^  Rio  ile  Jan- 
eiro, 18.  8ept.-Oct.  1948,  182-0,  iUus., 
bibUo.    Cr.  $16. 

653.494.3(811.6) 

Tlie  airconiimi  ore  depoaite  of  the  Poean  de 
Oaltlaa  plateau,  BrasU,  and  zirconium  geo- 
chemist-cy.  D.  Guimaraea. — Bol.  InMitulo 
Ttchftol.  Indiutr.  6,  Itelo  Uoriaonte,  1948, 
78  p.,  illua.,  mi^),  diagrs.,  tabe. 

663.496.2(713.1— Oamray) 

The  Camray  nnuiium  discorcry.  A.  H. 
Lang.— CofKui.  Min.  MetaU.  BuU.  442  (Tram., 
S8,  1949,  42-6)  Montreal,  Feb.  1949,  (S8-72, 
mugm,  diagr.,  biblio.    $1. 

663.498 

Bismuth.  (General  information.)— C'oii/. 
IHv.  Min.  Mineral  Inform.  Serv.^  San  Fran- 
ctacu,  2,  MnrL>h  1949,  7-8,  biblio. 

56SJ(  Deposits  of  bnUdlng  stoaes 

663.661.1  (941— Lake  Muir) 

Beport  on  limcvtonc  deposit — Lake  Mulr. 
II.  A.  Rilis.- H'.  Aiut.  Dep.  Min.  Rep.  1946, 
Perth,  1948,  66-7. 

663.651.1(943) 

Mowbniv  river  limestone.  A.  K.  I>eiunoad. 
— Qd.  (fori.  Min.  J.,  Itri^baiie,  50,  Jan.  1K19. 
12.3,  ma{).     (>d. 

620   GENERAL  ENGINEERING 
QUESTIONS 

620.1  :r.34.321.l» 

L'ttnumiiii.'  matoriul  tescinLT  and  other 
applicatioiiB.— It.I.O.S.  Finul  Report  1H79, 
Item  U,  Ix)nd.,  H.M.s.O.,  1U1}<,.G8  p.,  illiw., 
diagra. 

620.19 

Mining  pnar  failures  fnnn  a  luctullur^iciU 
aspect.  H.  JclTt>»v. — Tram.  Instn.  Min. 
Engrs.y  Loud.,  108,  i*t'«.  May  \U li»,  pp.  3i*3- 17, 
iUus.,  tut«.,  biblio.     lUs. 

621    PLANT  AND  POWER 

621.3,'>5 

St<>rH|Lr<'-biittery  niaiiitrnuni-i.-.  (.Klwtrio 
hauLip-.l  K.  A.  VauL'haii. — CimU  Afj<\  Albany, 
y.Y.,  54,  April  1I»I'.«,  H'j-'Jl,  iliui*. 

621.3S 

lliiw  niinini^  nion  ;4r»"  u»<ln;^  I'Ui-t  n)niiv  loilay. 
(.\ppli<'utionri  ol  •''I' L't.niniis  to  mint's  niilLs, 
uuii  wn«'lt«'n*.)  .1.  A.  ^i-ll^-r.  -Kniju-j.  Min.  y., 
N.Y.,  150,  April  I'Jll*,  7.'»  y,  illus.,  dia^rrs. 
50  I'vnU. 

621. 3R  rei'S.I.'irO 

Phot'M'li'ctrircilly  controlli'd  automatli-*  air 
look  diM)rM. —  L'nir.  Imrh.  Kirv/a  ('oil.  Min. 
Bull.,  DnrJu,  3,  no.  1,  April  194i».  (2^tr. 
Ilaula4,'i'  uo.  b     ^i  p.,  diiu;rx. 


6S1.776.7 

Sheath  working  of  meUl  pondeo.  C^ 
improve  teohnlqne  far  onnonlMalioB  of 
tttanlom  powder  into  metaL)  James  R.  Jjfmg 
and  Bar!  T.  Bmjm.—UJ8.  Bur.  Jfim.  A^u 
Inretl.  4464,  Wash.,  J>jC.,  Feb.  1949,  18  p. 
Oloa. 

621.776.7 

La  m^talhugie  dee  poodroi.  M.  A.  MJi^wi. 
—Docwn,  MetaU.,  St.  Btienne,  No.  1,  Jsa^ 
March  1949,  3-18. 

621.926.62 

The  design  and  opeiatlon  of  anuill  mlDs  for 
mixing  powder.  (A  description  6t  two  alses 
of  laboratory  mills  for  powder  metalhiiiy 
research.)  D.  Summers-Smith. — MHaBmrftm^ 
Manchr.,  88,  April  1949,  309-11,  iUus.,  dlaipnt. 

28. 

621.926.62-222.3 

Bin  Beitrag  sur  Ausklelduns  Ton  Kiigsl- 
milhlen.  (A  contribution  on  ball-mill  "«<"«■-  ) 
Glinther    Salsmann.— Z.    Enberg.    MtttOk, 
Stuttgart,  1,  Nov.-Dcc.  1948,  240-^,  diagis. 
tabe.    4  DM. 

622   MINING 
622(...)  Reglonsl 
622(471.1) 

Mineral  position  of  BOA  nations :  No.  14 — 
Finland.  Herman  Sti^pselius. — Engng.  Mku 
J.,  N.y.,  150,  March  1949,  83,  map.  tab. 
60  cents. 

622(481) 

Mineral  position  of  BOA  nations :  No.  IS — 
Norway.  Ame  Solem. — Engnif.  Min.  J^ 
N.Y.,  150,  March  1949,  82-3,  map,  tabs. 
50  cents. 

(i22(480) 

Mineral  positlou  of  KCA  nations  :  No.  12— > 
s^wiNjcn.  Geotfrey  K>mith. — Engng.  Min.  J., 
N.Y.,  150,  March  1949,  78-82,  lUus.,  map, 
tab.    50  cents. 

022(51 ) 

CLina.  (MJ^cellaneouB  information  including 
jiruductiun  ligures,  and  tax  information.)— 
Mvur.  Tr.  SoUt,  Ws&h,  D.C.,  88,  May  1948, 

(i22(711.16) 

Rejiort  on  the  Stanley  area.  Cariboo  mtnit^ 
district.    Stuart  .S.  Holland.— Auil/.  B.L'.  Dep, 
Min.,  2(3,  Victoria,  B.C.,  1948,  66  p.,  illus. 
maps,  diagns.,  tabs.,  bibUo. 

•;22(f<5) 

iJic  llergbauvorlialtnisse  auf  Mittd  —  und 
Kleinbi.>trt(!lieu  Lni  Aiideuf^tiiot  Slidanierikas, 
daivcstfllt  am  Bcibpiol  Siidnenu.  (Mining 
t'un<  lit  ions  in  the  Arulfs  area  of  Souih  Ajnerica, 
with  siitrial  n'fi>renco  to  l*eru.>  Kurt  Fuzicha 
<uid  Franz  Lanii^T.  -/.  Erzlnfrg.  MftaUh., 
J^tuttfart,  1,  Nov.-l)cc.  1948,  225-3.^,  Ulus., 
map.     4  J)M. 

i;22.«H>2..'i :  i>7S 

The  «»eB  of  rubber  inminiig.— r»iF.  Jjurh^ 
King's  Coll.  Min.  ItuU.^  Durti.,  3,  no.  1,  .\.pri 
194U  (Ser.  Mt.vh.  uo.  17),  20  p.,  diu«pn».,  ta))a. 

r,22.oi;i.n 

ProycK-.to  de  nnrmoH  para  la  tasacion  de 
miiiiis.    (A  iniiii*.'  to  mine  valuation.)  Juan  M. 
Y.    I.c-ou    und    Mario   S.    Bogpio. — /f^ormoc. 
Soc.  Ing.  I'tru,  Lima,  50,  Jon.  1949,  14-20 
Tain?. 


«7ufM  1949 


INDEX  OF  BaOBNT  ABTI0LB8 


XI 


BTiJOUM :  89S.8S3 

HirtmaHnn  of  gBwu'iM  Mid  water  drive 
fvoin  pii—uo  and  raodootloii  history.  B.  B. 
Btowneooinbe  end  Fnaok  OoIUds.— 7.  PHnL 
Ttckmoi.,  N.Y.,  1,  April  1M9,  Sect.  Tnuw., 
CTJ.  2M9)  M-9,  tebe.    7ft 


ttSt.l   Topography,  •nnreyiDg 

69S.1 :  636.918.M 

Aerial  phoCognphlo  oontoor  mape  for  itrip 
luce.    Qeom  Hen  and  R.  H.  Swallow.^ 

Jfte.  Emgm$',  N.Y.,  1,  AptU  1949,  Sect.  Traiw., 

CT  J.  2MM)  AF.)    86-8,  illus.    75  centa. 

82SJB8  Machine  mining,  rock  drills 
6M.SSS.39S 

InTeetigatioii  of  power  loading  derelop- 
menta  in  Germany. — B.I.O.S.  Final  Report 
1836,  Item  38,  Lond.,  H.M.S.O.,  1949,  43  p., 
Ulna.,  diagiB.,  taba.    7b. 

639J!33.396 

Inreatii^tion   of  power  loading   devHop- 
menta  in  Germany. — B.I.O.S.  Final  Report 
1836,  Item  83,  Ixuid.,  H.M.S.O.,  1949,  43  p. 
iUna.,  dlagn.,  taba.    7b. 


Miscellaneous  methods  of 
working     * 

632.234.82 :  621.879 

The  tension  cable  dredger.— F.I. A.T.  Final 
Beport  1390,  Lond.,  H.M.S.O.,  1949,  16  p., 
iUna.,  diagrs.,  biblio.    Ss. 

622.234.83  :  621.879.36 

Bucket  dredgen  for  mining  :  Pt.  1.  R.  J.  P. 
Garden.— ^V.  Z.  Engng.^  Wellington,  4,  March 
1949,  152-6,  diagn.     Is.  3d. 

633.234.83  :  669.717 

Alominiam    dredge    ilceignod    for   difficult 

Slacer  Job.    John  B.  Muttl.~£:fvn^.  .l/tn.  J., 
-  :.Y.,  150,  April  1949,  72-1,  iUus.    50  cents. 

622.235   Btasting,  bbisthole  drilling 
C28.23ri.l2 :  622.233.626 

Some  uniierground  chantrcs  at  the  Ilolden 
mine.  (Blasthole  diamond  drilling;  stupe 
filliiic  with  tailirun  lielow  l,r»4iO  ft.  ]i>vol.) 
John  R.  llniU.—Bnffng.  Min.  J.,  N.V.,  150, 
April  1949.  ^4-7,  diagr^.     50  tcntn. 

€22.236.2 

Frpe  running  explosive  tested  at  Mt.  Morgan 
mine,  Queensland.  (A  loose  expfe^vo  wtdch 
can  be  poured  into  driJUiolos.  It  dona  not 
rranire  tamping.)  O  Amiorerm.— Qti.  Gort. 
Jiim.J,t  Brisbane,  60,  Jan.  1949,  10-13,  diagre. 
6d. 

623.336.24 

The  shaped  or  hoUow  charge.  S.  11.  Dayid- 
aon  and  R.  Westwater. — J^ine  ^  Quarry 
Engmg.^  I»nd.,  15,  May  1949,  140-5,  diagre., 
blbllo.     iB.  6d. 

622.386.251 

Safety  and  performance  characteristics  of 
Uquld-oxygen  explosives.  W.  R.  Toiimay  and 
othen.— r.^.  Bur.  Min.  Bull.,  472,  Wash., 
D.C.,  1949,  88  p.,  illus.,  diagre.,  tabs.,  bibUo. 
30  cents. 

683.335.36 

Robbantas  ssemeses  folvtasaiijgrikkaL 
(Blasting  with  coarse  stemming  mat<Tiiils.) 
J.  Kota — Bangau.  kohatz.  Lap.,  Budaiiest,  4, 
Jan.  1949,  11-13,  iUus. 

632.335.43 

Description  of  machine  for  sequential  or 
delay  action  blasting.  L.  H.  Graham. — 
Qmarrjf  Mqn:  J.,  Lond.,  82,  April  1949,  532-3, 
illua.    Is.  6d. 


622M  BxpioratkMi  and  wan  driUfaig 

622.34 

Site  inyestigatioDa  inrlnding  boring  sad 
other  methods  of  nib-surface  ezploratkm. 
Harold  J.  B.  Harding.-V.  InHth,  Civ,  Bngrt^ 
Lond.,  22,  April  1949,  111-67,  iUoa.,  maps, 
diagiB.,  hU>Uo.    6b. 

622.24.06 

Fortschritte  auf  dem  Gebiete  der  Rotazy- 
Bohzgttftte.  (Improvements  in  rotaiy  drilUng 
tools.)  Werner  MUUer.— £rtM  u.  KoUe, 
Hamburg,  2,  Jan.  1949,  8-11.    DM.  6. 

622.242 

Gulf  of  Mexico  floaUng  drilling  tender.  0. 
P.  Besse  and  G.  W.  Osborne.— J.  Petrol. 
Teefmoi.,  N.Y.,  1,  April  1949,  Sect.  Tnna., 
(T.P.  2690)  87-91,  diagrs.     76  centa. 

632.243.16 

Mud-flush  boring.  C.  W.  Otway.— TVost. 
InMn.  Min.  Bngn.,  Lond.,  108,  Pt.  8,  May 

1949,  pp.  344 -5*s  lOs. 

622.243.6 

Semiautomatic  poweiHq>crated  drilling 
machinexy.  Martin  B.  Tnie  and  Bert.  L. 
Stone.— V.  Pelrot.  Technol.,  N.Y.,  1,  Feb.  1949, 
Sect.  TraiM.  (T.P.  2643),  27-32,  illus.   76  cents. 

622.243.6 

The  core  recorder.  (An  instrument  for 
determining  depth  at  which  a  core  is  lost, 
drilled  up,  or  recovered.)  Clark  MilUson. — 
J.  Petrol.  Technol.,  N.Y.,  1,  Feb.  1949,  Sect. 
TranS/  (T.P.  2542),  33-6,  diagre.     76  cents. 

U'J2.243.6.(i51..'{ 

C^ire  drill  tiwting  for  base  metal  mineralisa- 
tiou  below  the  1 1  ope  Silver  mine.  Granite 
countT,  Mont.  John  W.  {16[v.—V.8.  Bur. 
Jlin.  Rep.  Inn-et.  4399,  Wash.,  D.(;.,  Feb.  1949, 
9  p.,  mafw,  diagre.,  tabs. 

622.25   Shafts,  sinking 

622.2.X(;n:.'.3) 

Shafta  of  the  N'ew  Consolidated  Gold  Fields 
group.  (History,  planning,  sinking,  vontilatiun 
cost,  en\)  J.  T.  Mclntype. — J.  Chem.  Soe. 
S.  Afr.,  J 'burg,  49,  Dec.  1U48,  197-272,  illus., 
diagre.,  tat^s.    Ga. 

622.251 .« 

Ile-oponing  a  closed  shaft.  I).  N.  Stevenacm. 
— Sfin.  Pnte.  not.  Asm.  Coll.  Mgre.,  Lond.,  44, 
1947,  100^1,  diagre. 

622.252.6 

Ueiiuciiig  Rhaft  (liukiiig  costH.  (Sinking  with 
the  itoakovich  niurking  iiiiu:lilni.\)  ('lark 
L.  Wii«oiL.  -Min.  t'nngr.  J.,  Worth.,  1».0., 
85,  MaMt  imtt,  5<i  :»,  illas.,  diagre.,  tabs. 
3u  cents. 

622.252.8 

:?Lafi  fiunk  t>v  ron'  drilliiu;.  (Plmergenry 
and  ventilation  Atiuft,  IS  ft.  ilia.,  2U2  ft.  d<«p.) 
Paul  T,  i'orttr.  t'tml  ,ij^«'.  Albany,  X.Y., 
54,  March  lUlU,  86-<.<,  illuR.,  diiv^'re. 

622.25K.4  (fis^..^     St.  H«-lena> 

Sinkhi!;  Ni>.  3  inchne  Khaft  St.  II(>lona  (iold 
MIn^j4,  Llnili.^1.  il.  M.  M  ;m!  William.— 
J.  rfi^m.  .Sn,'.  S.  .1/r.,  J'»»un,'.  49,  Jan.  1919, 
2'Jl-:iM,  (liuL'rs.,  tiilK.     «iri. 

622.'j:j!<..-> :  (J2J.23r>..1K  (rtS2.3  -Durban  Koode- 

piMirt) 

(.'omltatinu'  imnt-a  from  siiikiju;  a  umb'Vortiral 
sliaft.  l>iiHiuii  Uoo'li-piKin  Dft-ji,  Lt-l.  Trevor 
Mon. — .1*1.  Mine  Mgrx.  Tmnsrwil  <'irr.  3/49, 
J 'bun;,  April  11  1'jA*j,  ^  p.,  iliagre.,  biblio. 
(T}'p«*crii>t.) 
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622^1  Mining  methods  (svrfoce) 

622.271.S(1'J».4) 

AniitbRF  (siifnifloy  quarry  rpvivfMl.  liasll 
C.  dc  Quvrin. — .\finr  dr  Qtuurg  Engng.^  Lund., 
15,  Mny  VH{\  l.tS-H,  iUai.    Is.  6d. 

622.272/. 275  Mining  metbods  (stoping) 

632.*J72.L>(  131/2) 

Hnrizf^n  mitiiu;;  in  the  lluhr  coallk'M.  John 
Humble. — Min.  Pror.  nnt.  Asm.  Col!.  Mgrn., 
Lond.,  46,  194  K,  43-8.  diuf^s. 

622.276  Metbods  of  extraction  of  petro> 
leum 

622.2  7U.25 

Laboratory  ntudh'S  of  the  gravitational 
draluai^  t>f  oil  from  un<.'oimolidat<Hl  sandH. 
R.  V.  HiiKiiM  and  (J.  B.  5>hoa.— r..S.  Bur. 
If  in.  R*p.  Inrt-Mt.  43yl,  Wash..  D.C..  Jan. 
1949,  !<')  p.,  diavni.,  tabs.,  biblio. 

622.28  Support,  linings 

G32.281.5 

^mo  Hjqx'rioiiw.'S  with   Toussahit-Uointz- 

manu  yif.'ldiiur  Rupporttf  for  mine  niadways. — 

Vnir.  iJurh.  King's  CM.  Min.  Bull.,  Durh., 

8,  >'o.  1,  April  1W19  (Sor.  Strata  Control  No.  3), 

'8  p..  lUiis.,  diat;r. 

622.282 

LsAtannahnuMt  boim  Sch>ii'iitai»hau.  (Shaft. 
Uuini,'  load  thwin'.^  Fritz  Molir.  —(ilurkauf, 
Eiwon,  85,  April  '.'3  194K,  2S7-U4.  tubfl.    4  DM. 

622.82   Oilfield  production 

622.323(7Wi.l— \V.-st  H<k1  Rivor) 

PetJ«jloum-L'nsriii»H^rini,'  btuiIv  i>f  the  Wtist 
Roil  Rivf-r  (W-ld.  Tilinitui  roumy.  Okla.  TI.  B. 
Hill  and  others.  — T.N.  Jtur.  Min.  lifp.  InreM. 
4450,  Wa«h.,  I>.r.,  March  1'J19,  !*7  p.,  illuA., 
mi^M,  dia^jm.,  tal>i>. 

622.323(7i>4.2  r -Ti'iori) 

Tejon  oil  lifld.  Kri'd  E.  K a^li ii< >. -N»i;;i;/i, 
Opp».  f  alif.  Oil  Fltljt.,  .<au  KraiiiM^i-o,  34.  Jan.  - 
Juni'  In  is.  :J  12.  ta»»s..  dia^n*. 

622.38  Minlnfi  of  carbonaceous  minerals 

C22..1:J7.2(7S>) 

ffynthc'li*'  liquid  Uvl*  \Ul^  .inim:tl  r«"p<»rt 
of  tJi*'  SiH-ntiiiy  <tf  ihi^  liiti  nor.  Pt.  2.  Oil 
from  oil  sli;il".  I'.S.  liur.  Mm.  Ilrp.  Jtirrst: 
44ri7,  Wasli..  !).('.,  J.wi.  1  ;•!'.»,  b*\  p..  illiw.. 
diaiTiv..  tall-!.,  liiMiit. 

622.34  Metalliferous  mining 

C22.:{11(7:iJ.  JJ-  Sw.frspriin,-**) 

Inv<*!ii.':iti<iii  iif  S\\«-i't<*|iriiiL'7*  iii;iiii.Miii'st' 
dcpi><(its.  Mnupii-  (•(niiiiy,  \V.  V;i.,  and  trail.' 
county,  V:i.  HanOd  B.  Kwnldt  :ni'l  Itohirt  S. 
Sanfi>nl.-  U.S.  linr.  Mhi.  li'p.  Iivtist.  \\'.\\\. 
Wa**!!.,  D.C.  Mun-li  r.»l!».  .">  y»..  innps.  dia.'rs. 

622.:Ml(7S:i) 

Mi^ionri  Vidli-y  maiiL'su !«•.•<■■  ■!■  pi.»-lw,  S.  I.t.ik. 
Pt.  1.  «;'-ii<'r:il  invf.-stii.'atii»ti-!.  striiti-.-ruphJi- 
t{tlidic>>.  ainl  t"nn:i'-'«-  :Mid  iMiuii-  isii'iufo. 
Paul  K.  pcaitut-n  nn.l  hIIht.j.      T.S.  J!nr.  Min. 

Rrp.  itoist.  j:;7rt.  Wa^^h.,  i).<;.,  \•\■\^.  inn;. 

IH»  p..  luap^.  «lia_'rs..  talK..  liihlio, 

022. :U  1.1  ('.Ml  -  ('•i..l-ir.li.-i 

Baki-r's  l'iinl.«.««iU:ariliidi«<iriit.  II.  J.  War  1. 
—  TV.  Auxt.  Ihp.  Mtn.  li'p.  iKhi.  LVrtli.  H«l(», 
85-7.  maj'h. 

G22.:in.K'.in  -1  .M.hraniit) 

Ilunipl"M  yninji-  « '••(•l-.'itrdit' ■li-.lri.t.  11.  J. 
Ward.  -  \V.  A'lul.  Inp.  Mm.  Hip.  ll'MI,  I'.rtli. 
lyi>*,  »="»-.'>  iiiap>. 

622.:'.ll.]C'.«n     (iiii.lL'aniic) 

iiavlevV  irniuff  (""LMnli''  di^.rril'^.  II.  .1. 
Ward".  — H'.  .11/*/,  Jf,p.  Mm.  lifp.  Il>ir..  1  Villi. 
\\%\<.  ."in-.M.  ia>»>. 


622.341.1 43(744.— CheevcT) 

Inv«tiKation  of  Ohwvor  Umonite  d^V"^ 
Berkahire  (•ountv.  Mom.  U.  J.  Bui^t^*  *** 
Robert  S.  Sanford.  -  f.*'.  Bur.  ilim^  ^f^f- 
Iwesl.  4423,  Wa<ih..  D.C.,  March  1949.  '^^  P- 
mapH,  diat^.,  talts. 

022.342.1(941  -Kdna  May) 

Report    on    future    lievnlopnieiit    o^  ,  '^ 
Edna  May  (W.A.)  AmaUamat«l  «old  M«>» 
II.  A.  ElilA.— H'.  Aust.  Dt^p.  Min.  Rep.   l^% 
Perth,  1948,  54-6,  tabs. 

622.342.1(061 .1 ) 

Goufmbuniin  Fiji,  1947-18.— rA«ii.  £Tn^ 
Min.  Jier.,  Melb.,  41,  Feb.  1949,  167-9,  ttb. 
1b. 

622.342.l3(8i;i) 

Aluminium  drcdifo  designed  for  difllcall 
pla<*er  joli.  John  B.  Huttl. — Kngng.  MiM.J.t 
N.Y.,  150,  April  1949.  72-1,  illus.    50  cents. 

622.343(471.1) 

Finland's  newest  copper  mine. — Min. 
World,  San  Francisco,  11,  Jan.  1949,  49.  35 
cent«. 

622.343(52)  • 

Copper  in  Japan.  John  J.  Collins. — Miner. 
Tr.  Notes  iiptr.  Supp.  26,  Wa.%h.,  U.C,  May 
1948,  72  p.,  illui».,  mapfl,  diaffrs.,  taha., 
biblio. 

622.343(62  -Ab  Swayol) 

The  di*.'over\-  of  I'lirk-d  in  Egy])t.  (At  the 
•  Ab  riwayel '  eop])er  mine.)  (lertnule  Laljii> 
Naasim.  — ^cvN.  U<-vl.,  Lancaster,  Pa.,  46. 
Manh-April  1019.  143-50.  diagT8..  tabs.. 
biblio.     $1. 

622.34:{r675; 

Copper  Bolirian  Coiico.— -l/iwr.  Tr.  Xotea. 
Wash.,  I ).(•.,  26,  June  1H18,  5-7,  talw. 

622.:^1,V7J:J.L'  -Kly  mino) 

Invest iLration  of  Kly  niirn'  copper  deposit. 
Oniiiirt'  rounty,  Vt.  II.  1*.  Hemianoo  and 
other.-*.-  I'.S.' Bur.  Min.  Rrp.  Invrst.  4395. 
W.usli..  D.C.  .Ian.  1(M9.  II  p..  map,  diai^rv.. 
ia];s. 

♦J22.:-.r,(7."iS.     ClK-statM:) 

luvi'stiL'ittion  of  ('lu»«tate».'  coi»per  an^i 
pyriti  di'i'<»sit,  Lumpkin  oi'Unty,  Ga.  M.  II. 
Kliui-  and  W.  A.  Itick.  —  I'.S.  hur.  Min.  Rej: 
Invtst.  -j:;i)7,  Wa-h..  1).(\,  Jan.  1949,  12  p.. 
map,  tall-*. 

»;22.y4J.I(71S.Ii5     All.ritrht  Kann) 

Invi-sii'.Mtioi!  iif  ti;<-  .Mbrinht  Fann  load- 
7,inr(iifpi>-ii.  lil.iiii'nuruy.  I'a.  Dori.-ild  F.  Btnjti 

C.S.  Hur.  Mill.  Ji'rp.  Iin*'st.  1422,  Wash.. 
D.C'.,  I'd'.  ly4'.«,  7  p.,  iiuijis,  tabs*. 

r.i'-j.:;  n.i(  T.'j.'-.nn  -  -\  al/.inco) 

Jnvisti_';i'ori  <>f  NaU.in-^i;  li-Hd-?in«'  mine, 
^pot.-vlvauia  I'ountv,  \  a.  Weslfv  A.  Grosh.  — 
/'..S.  Ji'ir.  Min.  Hip.  fw-st.  4  I'l.",,'  Wash.,  D.C.. 
Jan.  J'.M'.*.  7  ]■.,  map.  dlu^'rs.,  tabs. 

iVJL'.;il4.U7'.»7.i:t— r.l.'.tri.-  point  .t  <.;ia«islouo» 
Jiivirritiiration  of  ili«-  Khrtrir  P»>int  and 
<rlail.-tt.iM'!  li-a-l-zino  rtiin*^.  St«"Vi;ns  rouiity, 
Wiisli.  Jnhn  W.  C'»l<;.  I'.S.  Bur.  Min.  Rep. 
Imist.  -l.T.»2,  Wash.,  i>.C.,  Jun.  1949,  11  p.. 
map.  diajris.,  t-ilis. 

fi2l'.:U4.m717.:i«<— I'arkrr  A   WeblO 

InvfMi-'alion  (»f  I'arktT  and  Webb  zinc 
dep<i.<iis.  .St.  Lawnm-i-  rounty.  N.Y.  II.  I*. 
Ji«  niiHiuv  anil  Hnbort  S.  ."^anforii.  —  T.N.  Bur. 
Min.   Rrp.   I iinsl.    1117.    Wu«h.,    D.C.    Feb. 

1019.  :;i  p..  mui-A.  t.o>j». 
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•5L'1».344J<76S.73— Eve  Alilla) 

Investigation  of   Eve   Mills  zinc  depositf 
'Monroe  county,  Tenn.    Richard  L.  Sarra. — 
l\S.  Bur,   l/ttt.  Rep.  Invest.  4411,    Waah., 
XX2^  Feb.  1949,  6  p.,  maps,  dlagis. 

«SS.344.6(768.918) 

iDvestigation  of  the  Tennrasee  Zinc  Co. 
liTopertj,  Bumpos  cove,  Unicoi  county,  Tenn. 
A.  B.  Clayton  and  K.  L.  Sayre.— £7.itJ.  Bur. 
Jfm.  Rep.  Inrtst.  4390,  Wash.,  D.C.,  Jan. 
1949,  14  p.,  map,  diagra.,  tabs. 

<I22.346.2(786.14— Big  Bon) 

Investigation  of  the  Big  Ben  molybdenum 
deposit,  Keihart  district,  Cascade  county, 
^ont.  J.  A.  Heidllck.— C;^.^.  Bur.  Min.  Rep. 
Incttt.  440C,  Wash.,  D.C.,  Feb.  1949,  22  p., 
maps,  tabs. 

622.347.1(741.21— Black  Mtn.) 

Investigation  of  Black  Mountain  beryl 
'leposit,  Oxford  county,  Maine. — E.  E. 
Maillot  and  othcre. — U.S.  Bur.  21  in.  Rep. 
Intest.,  4412,  Wash.,  D.C,  Feb.  1949,  10  p., 
map,  tabs.,  diagrs. 

622.349.46 

Uthium  in  Industry  ;  growing  field  of  uses. 
—8.  Afr.  Ilin.  Ewjng.  7.,  J 'burg,  80,  Pt.  1, 
April  9  1949,  181-3.    6d. 

622.349.52(46) 

Uranium  mining  in  Spain. — Chem.  Tr.  y., 
Lond.,  124,  April  1  1949,  372.    8d. 

622.85  Mining  of  buUdlng  stones 

»;22.355.1 1(797.41) 

Inv«t»tigatiou  of  limestone  (Jcposits  near 
Arlington,  Snohomish  county.  Wash.  Con- 
stantiue  C.  Popuff. -^ L'..^.  Bur.  Min.  Rep. 
invtet.  4.193,  Wash.,  D.C,  Jan.  1949,  7  p., 
ma{),  ili^igTB.,  tabs. 

622.36  Mining  of  non-metals 

622.363.412(773.85— Douglas) 

Invcstigaticu  of  Douglas  lluorito  property, 
I'f»I>e  cc»uuty,  111.  O.  M.  BLshop  arid  A.  B. 
No«4iham. —  U.S.  Bur.  Min.  Rtp.  Inrtst.  1434, 
Wa^h.,  D.C.  March  1949,  13  p.,  maps. 

622.3^1.1.412(792.21 ) 

Utah's  new  miuint^  district.  (Fluorspar  in 
Juab  i-uuiitv.)  (Jecil  A.  Fitch,  Jr.,  iiud  othere. 
—Engng.  Min.  J.,  N.Y..  150,  Man.h  1949, 
C3-6,  illus.,  map.     5(>  cents. 

622.364.1(676.1) 

FliosphaU;  rock,  Uganda,  British  East 
Africa.  (Details  of  dcposil  and  treatment.) — 
Miner.  Tr.  SoUs^  Wasli.,  D.C,  26,  June  1948, 
IS-fiO. 

622.364.1(73) 

Lt'ezploitation  dcs  phosphates  aux  Etats- 
Unift  d'Ameriquc.  .Maurice  Verchere. — Rev, 
Induntr.  Min.f  St.  Etienne,  No.  542,  March 
l'.>-19,  147-53,  illus.,  map. 

632.364.1(759) 

Heavy  equipment  mines  Florida  phosphate. 
Irving  S.  Tillotsou. — Min.  Congr.  y.,  Wash., 
D.C,  85,  March  1949,  26-8,  illus.     30  cente. 

622.367.1(436) 

Maguesite.  (In  Austria ;  mining,  com- 
panies, pnjduclion.)— J/iMfT.  Tr.  Notes ^  Wash., 
D.C,  26,  June  1948,  35-41,  tabs. 

622.367.7(742.13— Big) 

Investigation  of  Big  mica  mine,  (.'hoshire 
county,  N.U.  S.  Bene<Iiirt  Ia'Wu  and  McHcnry 
Hosier.— ^'.-S.  Bur.  Min.  Rtp.  Invest.  4410, 
Wash.,  D.C,  Feb.  1949,  16  p.,  maps,  diagre. 


622.367.7(7-12.13— BUster) 

Investigation  of  Blister  mica  mine,  Cbestiire 
county,  N.H.  S.  Benedict  Levin  and  McHeury 
Mosier.— I7.^<f.  Bur.  Min.  Rep.  Invut.  44U9. 
Wash.,  D.C,  Feb.  1949,  12  p.,  map,  diagrp., 
tabs. 

622.41 /.46  Ventllatloo 

622.41  :  622.268.12(682.3) 

Notes  on  the  ventilation  of  45  haulage 
Grootvlei  Proprietary  Mince,  Ltd.  T.  L.  Blunt 
and  J.  A.  Drummond. — Ass.  Mine  Mgrs, 
Transvaal  Circ.  2/49,  J'burg,  Man:h  18  1949. 
11  p.,  diagrs.    (l^pescript.) 

622.411.1 

Erfahrungen  liber  die  Grul^enwctterunter- 
suchung.  (Experiences  with  the  analjrsid  of 
mine  air.)  Paid  Michaelis. — Uluekaufy  Essen, 
85,  AprU  9  1949,  251-9,  illus.,  tabs.    4  DM. 

622:413.5  :  545.75 

Dust  sampling  and  determination  in  the 
mines  of  Western  Australia.  J.  E.  Lloyil. — 
W,  Aust.  Hep,  Min.  Rep,  1946,  Perth,  1918, 
33-5,  diagrs. 

622.413.5  :  546.75 

Dust  precipitation.  G.  Hildick-Sraiih. — 
Ass.  Mine  Mgrs.  Transraal  (Urr.  3/49,  J'burg, 
April  14  194»,  4  p.,  illus.,  tabs.   (Typescript.) 

622.113.5:545.75 

(^uelques  nn^thodts  nouvellfs  d'aualys*:  de« 
poussiercs.  Fr.  Soliiel  and  Th,  Ouiga. — Rev, 
industr.  Min.^  St.  Etienne,  No.  .M2,  March 
1949,  125-36,  diagrs.,  bibUu. 

622.45 

De  Ecouomische  Doonmedc  en  Ondersteim- 
iiig  van  lIo(}fdluchtw^;en.  (The  economic 
size  of  air  mains.)  A.  liellemans. — (/nrf. 
Mijnbouvy  The  Uague,  11,  April  1949,  13.V9, 
diagTf}.,  biUlio. 

622.455.3 

Phuto-eW-trically  coutroUe«l  automatic  air 
lock  Kloon.- -L-niv.  Durh.  King's  CoU.  Min, 
BuU.^  Durh.,  3,  no.  1,  April  1919  (.Sor.  Haulage 
nu.  5),  8  p.,  diagrs. 

622.5  Drainage 

622.5 

Mines  drainage.  II.  Saul.  -Trans.  Instn, 
Min.  Engrs.,  Lond.,  108,  Pt.  8,  Mav  li»49. 
359-66.     108. 

622.532  :  621.69 

AuxiUar}-  pumfiing  duties  underground. 
(The  Megator  pump.)  F.  W.  Mcrombio. — Min, 
J'roc.  not.  Ass.  CoU.  Mgrs.,  Ixwid.,  45,  19 IS, 
16-18,  illus.,  Uiagis. 

622.532  :  621.69.031 

Jet  pump  tor  mine  drainage  [intbleiiis.  E.  J. 
Wells. — t.'htni.  Engng.  Min.  Rev.,  Melb.,  41, 
Feb.  1949,  171-6,  diagrs.     Is. 

622.6  Haulage,  hoisting,  transport 

622.6(49.1) 

Les  traus]>orts  souterrains  principaux  >'u 
Belgique.  (.Main  haulasjfe  in  lit-lgium ;  a 
revue  of  practice.)  Jules  Janioulle. — Ann, 
Min.  Btlg.,  Bruxvlles,  48,  Pt.  2.  1919,  157-67, 
diagn?.,  tabs. 

622.019.3(714) 

Slushers  apjtlied  to  muiing  at  Malartic, 
Quebec.  11.  K.  Bice. — Canad.  J/ in./., Garden- 
vale,  P.Q.,  70.  April  1949,  63-9,  diagro.     81. 

622.62.007 

l.'ndcrgrouud  mau-haulage.  J.  8.  Haves. — 
Min.  Vroc.  nut.  .Ass.  CoU.  .Mgrs.,  Lond.,  45, 
1948,  169-72,  diagra. 
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622.6S6.1M  • 

Underground  }>ortable  tumUble  at  the 
M»caaia  mine  (Ontario).— CoimuI.  Min.  MelaU. 
BmU.  443,  Montreal,  March  1949,  IDS,  diagn. 
II. 

622.625.24 

HiKh-capadty  mine  can  and  nndcrgmand 
transfer  Btationa.  L.  C.  MaitJand. — Min.  Proc, 
wot.  Am,  cm,  JigrM.,  Lond.,  45,  1948,  67-71. 

62S.625.28— 831 

Gnibenlokomotiven  fUr  Binphaeeuwecheel- 
Strom.  (Mining  locomotive  fur  single-phsse 
alt4>matiiig  current.)  Heinrich  Kuhlmann  and 
Heinrich  Boeke. — Gluckauf^  Easen,  86,  April 
9  1949,  S62-5,  diagrs.    4  DM. 

622.625.53.035.1 

IleaTj  end  lees-rope  haulage  on  steep  gra- 
dients. E.  Cope.— J/in.  Frw.  tiat.  Au.  CoU, 
Mgrt.,  Lond.,  44,  1947,  66-70,  Ulus.,  diagrs. 

622.647.2  :  678.058 

Oon-reyor  belt  vulcanising;  the  Harvey 
Frost  flameproof  unit. — VoUiery  Uuard., 
Lond.,  178,  May  5  1949,  679-82,  iUus.,  diagre. 
Is. 

622.647.2—7 

One-man  conveyor  belt  lifter.  J.  W. 
Beynolds.— CdNod.  Min.  MeUM.  BuU.  443, 
Montreal,  March  1949, 181,  diagr.     |1. 

622.67(682.3— Rand  Leases) 

pTRsent  and  potential  hoisting  capacity  of 
a  vertical  rectuigular  shaft  at  Rand  Leases 

Soffelstruisfontein)  Gold  Mining  Company, 
tnited.  J.  F.  Roid.— J.  Vhem.  Soe.  S,  J/r., 
J'boiK,  M,  Jan.  1949,  275-91,  diagnu,  tabs. 
6s. 

622.671—69 

Brakes  for  electric  winderH.  Method  of 
operation. —  Vnir.  Durh.  King^»  Coll.  Min. 
Bua.^  Durh.,  8,  no.  1.  April  1949  (Ser. 
Winding  no.  S),  8  p.,  dia^rra. 

622.7   MINERAL  DRESSING 

622.7—...   Dressing  specific  minerals 

622.7—341(70'.') 

(.'onceniratioii  of  oxido  niAngaiiDw  <in>s  from 
nortUcoHtcni  It  ah  Duf^K^tt  Chief  ainl  (iruy 
Hawk  proix-rtii-fl.  K.  llavpim  an<l  J.  A. 
MrAllUtnr.  C.S.  Bur.  Min.  Reft.  Inrttt.  4389, 
Wnsb.,  D.f'.,  Jim.  VMV,  11  p.,  talw. 

622.7— ."41.1 

Hrmarquoe  siir  ronrirhiiwcmont  flu  minoroi 
de  U:T.  Ileiirv.  -  lieir.  Induatr.  Min.,  St. 
KtifUUf,  Nt».  o4l\  Mart-h  1949,  110-24. 

622.7—341.1 

Cm  pnipnnition  plant  at  Cori)v  (liiiu's.V  - 
Ewjintrr,  Im\k\..  187,  April  20  1*0 10.  475-7, 
ilhiK.     l8.  (Id. 

r.22.7— 311. U  Jill; 

lYiil'l<'iiis  in  th»'  iiTilir:ttti«»n  «>f  lo\\ -i7r.ul«'  in»i 
«»rrs  ;  Trrutnu'iit  nf  junisnic  i^'KnuritT-.  1),  T). 
Mowut.  -Imn  'fil  Tr.  Ii«r.,  l.oiiil..  168, 
April  i:>  mv.K  7sy  •.».",,  jlljw..  t;ilia.,  bibli«».    Od. 

622.7- 341.1(lM.r.li 

Jri>ri  on*  ciMiinTiTratinn  at  Srvilvaniiiirer, 
Norwftv.  .1.  Knifi  .JdhaiL^-toii. — J.  Iron  IStni 
Initt.,    J, on.].,    162.    M:iy    1040.    4  11,    tal..;*., 

flpVslifftJ.       I'tfi. 

r22.7— :J41.U77r,.7L') 

('li.irli't-oii  ii:u.-(»r«-  ])l;inl  tu  tri>at  (>l'l  stiK-k* 
I»ilc.  l;.  \V.  Ki-hIhi. —  Emjna.  .Vj'w.  J.,  M.Y., 
150.  Ai-ril  1011'.  sn  -l.  ll•iW^lu'(■t.     oi*  ^-out*. 


622.7—349.21 

Obtaining  alumina  from  national  raw 
materials.  1.  Physioal  tests  on  pnilflcatifm  oi 
Spanish  baozite.  J.  M.  PertiemL— .^^ 
MHalt  BuU.,  Lond.,  11,  ApiH  22  1949,  639. 
(Abstract  from  Amies  rtat  toe.  upam,  JU.  f 
quim.,  Ser.  B,  44, 1948,  250-60.) 

622.7—361 

Clay  processing  plant.  J.  Davis. — £dgar 
AlUn  yettt.  Shield,  27,  May  1949,  281-3, 
illus.,  diagiv. 

622.7.006.25 

Lal>oratory  ore  testing  prooedore  :  Pt.  2. 
Clarence  Thom  and  Frank  A.  SeeUm. — Deeo 
Trefoil,  Denver,  18,  March-April  1949,  »-8, 
Hhis.,  diagn. 

622.78  Gomminotloa 

622.732  :  622.35 

Designing  and  laying  out  a  stone -csniBhing 
pUnt  :  rt.  1.  S.  U.  Isherwood. — Jf.Z.  Engmg., 
Wellington,  4,  March  1949,  14»-52.    Is.  3d. 

622.734.001.1 

To  rate  grinding  efficiencies.  (OfmachlnefT 
in  terms  of  new  surface  area  produced  per  unn 
of  power  input.)  A.  Legsdln  and  Frederick 
L.  Schenck.— Afvn^.  Min.  7.,  N.Y.,  150, 
April  1949,  88-9.    50  cents. 

622.74  Screening 

622.74 

Screens  and  separators ;  the  rotary  acreen, 
mechanically  and  electrically  vibrated  screen, 
air  and  unit  air  separator :  Pt.  3  (eonduded). 
W.  J.  McBridc— i;d^  AOen  A'evt,  Sheffield, 
27,  April  1949,  265-7,  diagr.  (From  the 
KefraeioriesJ.) 

622.76/.78  Gonccntrntloa 

622.764.7 

Concentrating  minerals  in  cast-iron  spirals. 
Walter  T.  Uillingham. — Compr.  Air  Mof,, 
N.Y.,  54,  April  1049,  91-3,  illus.,  diagrs. 
35  cvuts. 

622.7154.7  :  622.302.36.V2 

Spiral  coucentnttoni  plus  electrostatic 
Hoparation.  W.  B.  Lenliart. — Bock  ftod., 
Chivofsyt,  52,  Feb.  1040,  1U2-3,  13&-6,  Illus., 
flowshii't.     25  cent8. 

622.765   Flotation 

4;22.7(!r> :  55."..43 

!=?i-lcktiv«;  Flntatifm  d(!r  Blei-Zink-Knpfer- 
Kr7.<^  von  Tsiiniub.  (Solet-tive  flotation  of 
{••sul-zim'-coppiT  on.'.)  Angiist  (rOtte. — 
Z.  Krzbrry.  Mtiallh.,  Stuttgart,  1,  Oct.  1948. 
2U4-H.     4  DM. 

«22.7«55  :  .ViS.Ul 

S(>k>ktivi>  Klotation  der  Bloi-Zink-Kupfer- 
Krze  vi.'n  'Isumcb.  (Sel*H:tlve  flotation  of 
h'a'l-7-in<'-«v»iipfr  on:.)  August  Oottr. — 
Z.  t:rzhi>nf.  Mftallh.,  Sutttgart,  1,  Oct.  1948, 
2(»4  -M.    4  DM. 

622.79  Roasting,  drying,  briquctting 

(522.702  :  ri."i:L411.7 

KoarttinL'  arHviiical  gold  ores  and  coiitmi- 
tnitcs.  (With  sp'tial  rufpffnce  to  operation*  at 
B«»:utif  |.I:int.  gni'lM-f.)  K.  R.  Arvhiltald.— 
rtifiad.  .Min.  Mftall.  Bull.  443  (Tranf..  62, 
1010,  7<:-sr.),  Mi.iitn>al,  Marrh  1049,  12&-30, 
illun..  <iiiu:n«..  inbs.,  l'il.iU"»..  tiovi-aheet.    81. 

G22.702.K:  r,i;2.341.1 

Iron  orn  ftiul>-rinK.  H.  C  Boss. — Canad. 
Min.  J.,  <i:inli-uvalc,  P.Q.,  70,  April  1919. 
7l^t<o,  illus.,  diaqru.    81. 
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Agglomeimtiou  of  tactonlte  couceutnite. 
Wonn  l,vui(\.—J.  Inm  Steel  InM.,  Loud..  168. 
liar  lf»4f».  1-S,  biblio.    lOs. 

OIJ  HAZARDS,  AGC3DBNTS 

ttS.81   G«s,  diMt,  aqdoskms 

6S1'.81 7(493) 

La  latte  centre  les  pouasi^m  flans  lee 
cbmrixmnages  lielsea ;  sltuatiou  au  debout  de 
raiin^  1949.— 7iu(.  H^.  Min.  (PiM.). 
Uaaielt.  (ren.  104,  Cioinin.  67,  April  19  1949. 
li>  p..  taba.    (Typescript.) 

ttS^  Rock  priMurc,  solMidciicc 

GebhfpKlnick  und  (}ebIiipbewogunffeii ; 
i^emeinlaaBUche  DanteUunK  mit  SchTuas- 
folgMiuig.  (Nature  preasure  of  strata  and 
rock  movement.)  Paul  Mcuas. — Bergb.  Rdtch., 
Bochum,  1,  March  1949,  7-1 U,  dlagis.    3  DM. 

ttS^  Acckkats,  rcaciie  work 

«?2.861(73) 

Activities  of  the  Health  and  Safety  Division. 
Bureau  of  Minrs,  irnited  Stat4»  Department 
4>f  the  Interior  during  the  war  years,  1941-46. 
I>.  Harrington. — l'.S.  Bur.  Min.  Inform, 
rirr.  7487,  Wash.,  D.C.,  Jan.  1949,  40  p.. 
illus..  map. 

4i:;:;.8«l :  ui>2.234.6 

Safetv  practices  in  dn>dging  and  hydraulic 
milling.'  H.  W.  FaUinger.— r..V.  Bur.  Min. 
BmU.  47(1.  Wash.,  D.C.,  1948,  76  p.,  Ulus., 
tabs.,  biblio.    26  cents. 

r>2:;.861  :  022.234.8 

Safetv  practices  In  dredging  and  hydraulic 
miuiug.'  R.  W.  Fataiiiger.— L'.;9.  Bur.  Min. 
BuU.  47U.  Wash.,  D.C.,  1948,  7G  p.,  Ulus.,  tabs., 
biblio.    26  cents. 

4(22.861 :  622.236.41 

Incidents  do  d^tonatcurs.  (Incidents  with 
■<letuuatorB.)  IjoLiou. — Centrr  Ktudes  Rtcher. 
Charbon.  France  yole  tech.  4U/7,  I'sris, 
March  1!M9,  7  p.,  diagrs. 

657  668  AGGOUNTANGY,  TECHNICAL 
ORGANIZATION 

♦•►.■V7.478.2 

Mining  to  stainlarxl ;  efllcicnt  mnnaiti'meut 
and  stsndanl  crMting.  Jack  SpaliJiiig.  - 
Min.  Mag.,  I/^nd.,  80,  April  1949,  2nl-|. 
Is.  ftil. 

068.3 

Mining  to  standanl ;  efficient  inunagt'mciic 
and  standanl  costing.  Jm'k  .^paldiiig.  - 
Min.  Mag.,  Loud.,  80,  April  1949,  2<il-J. 
Is.  M. 

66  GHEMIGAL  TECHNOLOGY 

Wl.21  :  069.015.7(468.12) 

Recovery  of  suljihur  from  smclt4'r  ^amw 
by  the  OrkUi  pntcfais  at  Rio  Tinto.  K.  U. 
Putts  and  E.  G.  Law fonl.  -/*«//.  Inxtn.  Min. 
MetaU.,  Loud.,  No.  609,  April  19  lU,  1-36, 
diagrs.,  tal«.    (Pupf'r  3s.) 

601.242  :  609.ol5.78 

Concentration  of  the  SO,  cnaiout  •»£ 
Dwight-Lluyd  luntcring  nitt«.-hin«'  pi-  by 
recirculation.  W.  S.  Rcid. — J.  Metals,  N.Y.,  1. 
April  1949,  Set.  Trans.  CT.I'.  2&.')1  D),  2»;i-4). 
diagrii.    76  conts. 

r.0 1.1 2(931) 

N,/.  solar  &iilt  proj«*t  at  Luke  (.JiiisJHmon . 
(Kvaporutloii  pnM'ciw.)  M.  <i.  Hovils.-  - 
.V.Z.  Engng..  \\cllliigti»n,  ♦.  Munh  H»4i«,  l.'»> 
-tU.  illus.,  diagr.,  tal>s.     Ix.  •><i. 


662.67 

Synthetic  liquid  fuels  1948  annual  report 
of  the  Secretary  of  the  Interior.  Pt.  S.  Oil 
from  oil  shale.— r.A.  Bur.  Min,  Rep.  InuaL 
4467,  Wash.,  D.C.,  Jan.  1949,  66  p.,  iOoa^ 
diagxB.,  taba.,  blbUo. 

662.743 

Effect  of  operating  variables  upon  tba 
FIscher-Trupech  synthesis.  Sol  Wener.— 
r.a.  Bur.  Min.  Rep.  Inteat.  4406,  Wash., 
D.C.,  Jan.  1949,  8  p.,  diagre. 

662.743 

Synthetic  liquid  fuels  1948  annual  report 
of  the  Secrptaij  of  the  Interior.  Pt.  1.  CHI 
from  coal. —  U.S.  Bur.  Min.  Rep.  InveM. 
4466.  Wash.,  D.C.,  Jan.  1949,  62  p.,  illua., 
diagra.,  talw.,  biblio. 

662.76 

Synt-hetic  liquid  fuels  1948  annual  report 
of  the  Secretary  of  the  Interior.  Pt.  3. 
Liquid  fuels  from  agricultural  residues.  Pt.  4. 
secondary  recovery,  and  petroleum  chemistTy 
and  refining  research. — 1\8.  Bur.  Min.  Rep. 
Inreet.  4468,  Wash.,  D.C.,  Jan.  1949,  26  p., 
illus.,  maps,  ta))s. 

606.64(71) 

Petroleum  refineries  in  Canada. — Catrnd. 
Bur.  Min.  Pub.  6-2,  Ottawa,  Dec.  1948, 6  p. 

066.767  :  663.201 

IJndcnaOknlngar  av  krossad  kvarta  frao 
Radaneforv.  (Investigations  of  crushed 
quarts  from  Hadanefork)  F<^e  Sandford. 
— JemkonUfr  Ann.,  Stockholm,  18S,  No.  8, 
1949,  99-124,  diagrk  Kr.  2.  (Brief  Bngiish 
summary). 

066.707:006.97 

Refractory  concrete.      A.  E.   Williama^ — 

Engineer,   Lond.,   187,  May  6   1949,  496-8, 
diagrs.    Is.  Od. 

606.81 

I.'tali's  new  calcining  and  walll>oard  plant. 
(Pnx'cssing  and  utiUsatiou  of  gypsum.) 
W.  13.  Ix>nhart.— iiocJr  Prod.,  Chi<*agii,  61, 
Feb.  1949,  91-6,  illus.,  diagr.  36  cenU. 

600.91 

New  lime  kiln  for  small  stone.— ^'nvMHf 
Lime  (irur.,  Iy)nd.,  88,  Mait-h  1949,  290-3i>6, 
diagrs.    Is.  Od. 

669   METALLURGY 

669.015.78  :  001.242 

Concontnition  of  the  tfO,  (vmtcnt  of 
Dwii^ht-Lloyd  ttbttfring  m>u'liiii*>  him  by 
n»circuliition.  W.  S.  Rciil.-  J.  Miinl$^  N.Y., 
1,  April  1949,  Sect.  Trans.  (T.P.  26M  D), 
20l-ii,  diagre.     76  (rents. 

669.02/.09  Processes  and  equipment 

0G9.O41— S3 

Die  £utwi(;klung  der  ok'ktrischen  Ofen  und 
d(«  £rzdchni*-]KoiicB  in  di-n  vcrgaugenen 
zwunzig  Jubrt'ii.  (Development  of  the 
••ki'trif  funiMCf  and  ore  mmt'ltcrs  during  the 
hut  20  vi-are.)  Otto  llanh.— Z.  Erdterg. 
MttalL,  Stuttgart,  1.  Nov.-Dec.  1948,  244-61, 
diaprs.,  talis.  4  DM. 

009.r>41.S 

Die  Abliitzcvcrwcrtung  )>el  den  I'nter- 
hanei-r  Mi'taUliiittcn.  (Wasti-  Iicat  utilization 
in  the  liiwiT-llarE  metallurglrul  pluiitH.) 
Willieiui  Wtvtphal.— Z.  Erztterg.  Mitallh., 
>tiiltgan,  1.  U'l.  1948,  193-204,  diagra.. 
tulirf.      1    DM. 
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«;f>9.0.')4.78 

Verlialt<en   von  /inn  un«l   Antiraou   beim 

AltnictuU-BoflRnmem.  (Behaviour  of  tin 
Autl  untiuiuuy  in  tlie  BotMcnier  tnratnicnt  of 

■wmp.)       WUiu'Im    F.  Kaiser.—^.    Erd>erg. 

.Xiti'illh.,  Stuttijart,  2,  Man-ti  \VA\K  7>»-*<.5, 
tal'j.     1  DM. 

I)i«'  Tecbnilc  des  Walzv«>rfaImn-».  (The 
tt'oliiiique  of  tho  Wtutiz  pnn-osfi.)  Frio<lt>rio]i 
.lohannsiMi.  Z.  Krzhtrtj,  MtiiUlh.^  Stiiitgan, 
1,  Nov.-l)tv.  lyis,  L'3i>-y.    4  DM. 

609.1    Ferrous  metallur^ 

■;(t'J.181.423 

(xaacoaH  roduction   motlio<ls  for  ilic   pro- 

•  luetion  of  sponge  in>n.  Kdwani  P.  Bam'tt. 
-V.S.  Bur.  Min.  Ucp,  Jtutst.  44n-_'.  Wasli., 
!).(;.,  Feb.  19411,  46  p.,  illa^.,  tiluiire.,  taliH.. 

hil'lio. 

609.2/. 7   Non-ferrous  metallur^ 

4mi.213 :  67U.5 

AppliRatlou  of  ion  exchani;(^  rcsiiiB  in  th<! 
•■yaiiiilation  of  a  tJrol<l  aii<i  Bilvi-r  on*.  S.  J. 
liiUM'V. —  C.if.  Bur.  Min.  lit  p.  hinst.  4374, 
Wasli.',  !).('..  Jan,  I'.MK.  Hi  p.,  talw. 

<i(>>.).*J23  :  nft9.234 

KlootrfNM.'paration  of  tn*c<-rt  of  pilv(-r  from 
pulla<liuin.  J.  (J.  Orii-ss  aiul  L.  B.  Iloi^ni. 
—J.  J-JUrct  roc  firm.  Hoc.,  Baltimore.  Mil.,  95, 
Muit'li  ly  111,  rJ9-44,  dia^rre.,  taljs.,  biblio.    $1. 

Titanium.     (Survey  of  American  devcloi>- 
rni-nts  for  tho  production  of  metallic  titanium.) 
-A'nyMiwr,  Ix>ud.,  187,  April  L'J)  1U4I»,  4S0-1, 
•liagr.     Is.  Od. 

Metallic  titanium  and  its  alloys.  U.  S.  I)(>aii 
.ind  B.  Silkes.  T-.S.  Bur.  Min.  Inform,  t'irr. 
7.3jil,  Wash.,  D.C,  Nov.  Iy4i'.,  3S  p.,  diiif,'r«., 
tabs.,  blMio. 

0CU.3 

Dan    KupfiThlittfiiw^-Keu    in    den    Jaliren 
lS»ll-lli47.        (Copper      meUiUurgy      durim; 
1941-1947.)        H.    Lauterhii'.h.   -X.    Krzhtrg. 
Mctnllh.,   rftutu'art,    1,    Oet.    lUIS,    ai:i-lS 
Nov.-l>ee.,  -'•>(»  73,  labtf.    4  IJ.M.  each. 

t;n9.33.Uiil.s 

Ileclamatioii  of  copper  from  Pi-raj).  W.  IJ. 
Dennis.  -Mint  A-  Quarry  Kntjug.^  L4.>nii.,  15, 
Vlay  1919,  15l-i,  llowsheetii.     Is.  t'.d. 

♦•H9.531.-_'  :  GOy.039 

Dcvelopni'-nt  of  muMlo  funuua-s  for  the 
jirudui'tion  of  ziuc  oxide  an>I  Kin<'  ui  KaKt 
(■hicat^o,  Indiana,  (iuruiard  K.  Johnson. — 
J.  MeUih,  N.V..  1,  Im:I..  1949,  Strt.  Tnuw., 
{T.V.  "Jo-Jj;  I))  lly-Jl,  illu-.,  iliayrs.,  tabs. 
75  cents. 

•J<J9.r»:i7  (94t5     Billion) 

Kkvtrolytie  ziue  at  Hi«l'in,  Tasmania. 
Major  chiiniji'S  since  I'XW.  >.  W.  llr>s.«;.-  - 
./.  Mf.fiih.  .N.V.,  1,  Manili  1919,  Si^t.  Trans. 
('I\r.  I'.'r-'l  D),  1111-17,  illus.,  diaL'rs.,  tabs. 
7')  ••••Ills. 

•itj9.ou'.» :  fi09.:.:u.i; 

D«.'\rlopmfnt  of  mulle  furuiwes  for  the 
priMlni'tiou  of  y.iiic  oxide  and  zinc  at  E:ul 
<:hic;u;o,  Indiana.  <Tunniir>l  K.  Jolinson. — 
./.  MttitlM,  S.\.,  1,  Feb.  1919,  Stvt.  Trans. 
(T.r.  I'.'rJti  i»;,  lIS-1'4,  illuts.,  diajji-s.,  talw. 
75  coiila. 


A60.543.(nA.78 

Hvw  Joraey  Zinc  developK  a  new  coDdexwer. 
(Cfan-vapoiir  scrubbed]  with  liquid  sine  Bhower. 
lu  toiu  of  sine  per  day  c«judou«Hl  from  unit 
with  lioa  volume  of  '2»  cu.  ft.)  K.  IL  Buucv 
and  W.  M.  I'eirw.  -Engng.  Min.  J.,  N.Y., 
160,  March  1940,  5«-«L',  diagre.    50  ccut«. 

<J«19.&43.2 

Development  of  the  modem  tine  retort  in 
the  Vnifed  States.  If.  K.  Pajttj  and  A.  E.  I-iee, 
Jr.— J.  Mtlai*,  N.Y.,  1.  Feb.  1949,  Sect. 
Traiw.  (T.H.  To'lZ  D),  73-7,  biblio.    73  cents. 

t!09.71l(71) 

I'ntdnrtifkn  of  aluminium  in  Canails. 
(t.  M.  \\\Mon.—t:ana4i.  Min.  MHaU.  livtt. 
Ha  iTmns.  62,  1949,  47-00)  Montreal,  Feb. 
1949,  73-0,  illus.     $1. 

«W;9.714.lM.»i.S 

Flntwiekluiii^  dor  Ahinujunnuiehrott- 
Barti nation  in  der  Dreisehicht<tnelektrolj6e. 
(Devi-Iopment  of  n-ilnlni;  of  aluminium  acr^ 
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Notes  on  Mining  Education  and  Postgraduate  Training 

By  J.  A.  S.  RiTBON,  O.B.E.,  D.8.O.,  M.C.,  Member 

It  was  not  the  writer's  original  intention  to  write  a  paper  but,  with 
the  permission  of  the  President  and  Council,  to  open  a  debate  on 
this  subject.  Subsequently  it  was  suggested  that  the  discussion 
would  draw  contributions  from  overseas  members  if  a  short 
summary  were  published  in  the  Bulletin  prior  to  the  debate. 

The  following  notes  are  the  writer's  own  ideas  and  nobody 
realizes  better  than  he  that  they  will  not  meet  with  universal 
approval.  They  are  written  to  draw  readers  into  expressing  their 
own  views  as  vehemently  as  they  desire.  From  the  resultant 
clash  of  opinion  some  extremely  useful  ideas  should  emerge. 

During  the  past  25  years  the  practice  of  mining  engineering  has 
altered.  Manual  labour  has  been  superseded  largely  by  machines, 
and  rule  of  thumb  methods  are  becoming  extinct.  This  has  led  to 
the  institution  of  a  number  of  specialized  sub-departments,  which 
renders  it  difficult  for  a  young  man  to  obtain  a  general  training 
in  practical  mining. 

This  change  is  partly  due  to  the  readily  accessible,  rich  and 
easily-worked  deposits  becoming  depleted  and  the  development 
^ith  huge  outputs  of  less  favourably  .placed  mines. 

There  is  a  tendency  for  a  young  man  to  speciaUze  in  one  phase 
of  a  modem  mines  organization  and  thus  fail,  while  he  is  young, 
to  obtain  a  broad  general  picture  of  the  whole  operation. 

The  training  of  a  young  mining  engineer  can  be  divided  into 
two  parts — theoretical  and  practical.  The  theory  part  is  the  duty 
of  the  schools,  while  industry  must  take  care  of  the  practical. 

A  young  mining  engineer  must  have  a  sound  training  in  the 
fundamental  and  applied  sciences  together  with  a  practical  know- 
ledge of  mining  machinery  and  mining  methods.  Equally  important 
is  experience  in  the  art  of  handling  men — or  *  labour  relations  * 
as  it  is  now  called.  All  this  has  to  be  related  to  the  economics  of 
the  situation  because  whatever  mineral  is  being  worked  the 
engineer  is  really  mining  *  money  * — that  is,  extracting  the  mineral 
so  that  there  is  the  greatest  possible  difference  between  what  it 
costs  to  get  and  what  can  be  got  for  it  in  the  open  market ;  not  for 
A  year  or  two  but  over  the  life  of  the  mine.  Further,  this  *  money  " 
must  be  obtained  with  the  least  possible  risk  to  life  and  limb. 
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The  necessary  training  cannot  be  obtained  wholly  at  a  mining 
school  or  at  a  mine ;  the  two  are  complementary  to  each  other. 
The  mining  schools  and  the  mining  industry  must  be  partners  in 
this  enterprise.  The  graduate,  immediately  he  leaves  college,  does 
not  become  overnight  a  mining  engineer.  The  soil  has  been  well 
dug  and  good  seed  sown,  but  the  care  of  the  seedlings  belongs  to 
the  industry  if  a  satisfactory  harvest  is  to  be  reaped.  To  use 
another  analogy,  the  college  is  the  foundry  where  sound  castings 
are  made  and  are  subsequently  machined  and  polished  in  the  post- 
graduate university  of  life  and  experience. 

Mining  is  a  tough  business  and  a  good  mining  engineer  must 
be  able  to  get  on  well  with  his  fellows.  The  abiUty  to  suffer  fools 
gladly  but  not  too  gladly  is  essential.  A  young  man  must  be 
encouraged  to  take  responsibiUty  and  should  not  be  dealt  with  too 
hardly  if  he  makes  a  mistake. 

It  follows  that  from  the  time  a  young  man  enters  a  mining  school 
until  he  becomes  a  fully  qualified  mining  engineer  his  training  must 
be  systematic  and  supervised.  His  work  at  the  school  and  his 
early  years  at  the  mine  must  be  properly  integrated. 

Industry  must  recognize — as  indeed  it  does  in  many  cases — that 
a  young  man  immediately  after  graduating  is  rwt  a  mining  engineer. 
In  no  engineering  or  learned  profession  is  a  newly-hatched  graduate 
considered  fit  to  take  charge  of  responsible  work.  In  fact,  in  every 
profession — be  it  medicine,  civil  engineering,  law  or  accountancy — 
a  young  man  has  to  spend  from  five  j)o  seven  years,  including  the 
university  period,  as  a  pupil  before  he  is  eligible  for  responsible 
employment.  A  mining  engineer  should  therefore  have  at  least 
five  years'  training  before  he  can  be  considered  qualified.  This  is 
especially  true  in  highly  mechanized  mines.  As  in  all  other 
professions  the  responsibility  for  training  should  be  divided  between 
the  university  and  the  employer. 

The  days  are  rapidly  disappearing  when  a  boy  is  apprenticed  to 
a  trade  and  receives  only  a  nominal  salary  while  serving  his  articles. 
To-day  a  young  graduate  expects  to  be  paid  in  his  first  job  and  paid 
handsomely  too.  This  is  not,  in  my  opinion,  always  to  his  ultimate 
advantage,  because  an  employer,  quite  understandably,  wants  a 
dividend  on  an  outlay  of  £40  to  £50  a  month.  Consequently,  the 
young  man  is  often  set  to  perform  useful  tasks,  well  within  his 
compass,  but  fails  to  gain  general  experience. 

The  job  of  the  mining  school  is  to  give  a  budding  engineer  a  sound 
knowledge  of  the  principles  of  his  future  profession.  It  is  not  the 
function  of  a  school  to  turn  out  a  trained  engineer.  No  school  . 
can  do  this  and  it  is  a  waste  of  energy  to  try.  On  the  other  hand,  a 
school  can  and  should  so  train  its  students  that  they  can  earn  their 
keep  in  one  or  other  of  the  ancilliary  jobs  in  mining. 

A  graduate  of  a  good  school  should  be  able  to  take  his  place  at 
once  on  the  survey  staff  of  a  mine,  or  in  the  assay  office.  These  are 
bread-and-butter  subjects  but  they  do  not  often  lead  to  a  manager's 
job  if  persisted  in  for  too  long. 
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The  making  of  a  mine  manager  is  the  industry's  job  and  under 
to-day's  conditions  it  is  going  to  cost  money.  Too  often  when  a 
keen  youngster  joins  a  mine,  the  manager  or  a  member  of  his 
stafiF  finds  his  knowledge  useful  and  places  him  into  a  job  where  he 
may  stay  put — such  as  collecting  dust  samples,  routine  surveys, 
measuring  air  velocities,  etc.  He  is  earning  a  profit  for  the  company 
but  is  not  learning  to  be  a  mining  engineer.  Many  an  excellent 
young  graduate  joins  a  mine  and  seeks  another  occupation  at  the 
end  of  his  contract  solely  because  he  considers  he  is  being  directed 
into  a  narrow  groove  and  is  not  getting  a  real  opportunity  to  obtain 
a  detailed  knowledge  of  the  art  of  mining. 

University  Training 

A  University  course  should  consist  of  three  post-intermediate 
years.  During  the  intermediate  period  which  follows  matriculation 
or  matriculation  exemption  a  young  man  should  be  thoroughly 
grounded  in  the  fundamental  sciences — chemistry,  physics, 
mathematics,  including  geometry.  If  the  timetables  allowed  a 
course  in  English  or  one  of  the  Arts  it  would  be  most  useful,  because 
an  engineer  ought  to  have  a  broad  general  education  as  well  as  be 
a  good  technician. 

The  first  post-intermediat6  year  should  be  devoted  to  geology, 
applied  mechanics  (solids  and  fluids),  appUed  mathematics, 
and  applied  physics  (heat,  electricity  and  magnetism).  These 
form  an  introduction  to  the  technical  subjects  of  the  two  last 
years  which  include  principles  underlying  the  practice  of  mining, 
machine  design  and  mining  machinery ;  economics  as  applied  to 
mining ;  elementary  metallurgy  and  ore  dressing ;  while  a  more 
detailed  training  in  surveying  and  assaying  should  enable  a  graduate 
to  make  these  branches  of  mining  his  profession  if  he  so  wishes. 

Postgraduate  Training 

A  graduate,  on  leaving  College  to  take  uj)  his  first  job,  is  usually 
keen  and  willing  to  do  anything.  He  realizes  he  is  lacking  in 
practical  experience  of  the  various  jobs  about  a  mine,  many  of 
them  manual,  and  is  ready  to  learn.  It  is  in  his  own  interest  and 
that  of  his  employers  ultimately  if  this  deficiency  is  made  good, 
and  it  is  suggested  that  a  two-year  course  of  systematic  practical 
training  should  be  given  to  every  new  entrant  of  the  graduate 
class.  Two  years'  hard  physical  work  can  do  no  harm  to  any  young 
man  and  the  advantages  accruing  are  manifold. 

Before  suggesting  in  detail  such  a  scheme  it  is  advocated  very 
strongly  that  a  young  graduate  on  arrival  at  the  mine  should  be 
recognized  as  a  potential  official,  i.e.,  like  a  member  of  an  O.C.T.U., 
and  be  granted  and  retain  the  privilege  of  an  official.  If,  during 
this  training  period,  he  does  day- wage  work  he  should  not  be 
paid  day- wages  and  be  graded  as  a  day-wage  man.  This  is  a  source 
of  annoyance  which  causes  some  men  to  leave  their  com^eiW^ . 
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Every  mine  of  any  size  ought  to  have  a  graduate  training  Bcbem*^ 
into  which  everr  *  tenderfoot  *  should  enter.  There  are  such 
facheines  in  operation  at  many  mines  or  individual  mines  of  a  large 
group.  Such  as  really  operate  are  excellent,  but  in  many  cases  they- 
operate  on  paper  only.  Time  and  time  again  the  writer  has  dis- 
cussed with  a  young  man  why  he  has  thrown  up  his  job  and  ha? 
received  the  answer,  *  Well,  I  expected  to  get  two  years'  practical 
experience  doing  all  sorts  of  jobs  but  I  have  spent  the  whole  time 
surveying  (or  sampling  or  measuring  the  ventilation)  '.  This  is 
one  reason  why  many  yoimg  men  are  going  to  small  mines  ;  they 
think  that  in  such  mines  they  will  have  a  chance  of  getting  more 
diverse  experience. 

Before  a  coal  mining  graduate  can  obtain  his  first  class  Certificate 
of  Competency,  i.e.,  Colliery  Manager's  Certificate,  he  has  to  spend 
at  least  18  months  doing  manual  work  in  or  about  the  mine  and 
another  18  months  in  direct  supervision  of  such  work.  In  practice 
he  does  more  manual  than  supervisory  work.  The  manual  work  is 
varied  and  should  cover  the  whole  range  of  operations  in  a  coUiery. 
Such  a  diet  can  do  no  harm  to  a  potential  metal  mine  manager. 
Where  this  idea  is  adopted,  a  yoiing  engineer  learns  the  detail? 
of  the  simple  manual  tasks  and  mechanical  devices  used  in  a  mine. 
Too  long  a  period  spent  on  one  specific  detail  is  a  waste  of  time. 
Every  young  graduate  is  a  potential  manager  and  not  a  drill 
runner. 

A  difficulty  may  arise  when  all  labouring  work  is  carried  out  by 
non-European  labour  but  this  can  be  overcome  by  having  a  training 
sector — it  need  only  be  quite  small — in  a  central  mine  of  a  group 
or  corporation  where  all  trainees  can  learn  the  rudiments. 

The  young  man  also  learns  by  personal  experience  what  work 
an  average  man  can  do  in  a  day.  He  gets  closer  to  understanding 
the  meaning  of  human  relations  than  he  would  if  he  was  always  a 
*  boss  '  ;  he  sees  at  first-hand  the  work  and  dodges  of  a  junior 
official  such  as  a  shift  boss  or  a  miner  where  native  labour  is 
employed  ;  and  he  enriches  his  mining  vocabulary  with  words  both 
good  and  hearty. 

He  knows  what  a  good  track  looks  like  and  how  it  is  laid.  He 
understands  the  value  of  a  good  piece  of  timbering  and  can  fix  a 
set  himself.  He  learns  how  to  distinguish  safe  ground  from 
dangerous  ground,  how  and  where  not  to  site  and  drill  a  shot-hole, 
and  many  other  things  besides.  It  may  be  argued  that  he  can 
learn  all  this  by  watching  others,  but  not  so  well  as  if  he  has  done  it 
himself.  Besides,  if  a  man  can-do  the  job  himself  it  gives  him 
coutjdence  whilst  supervising  other  men. 

It  is  not  suggested  he  need  spend  many  months  on  any  job. 
Rather  should  he  spend  a  few  weeks  on  each  of  many  jobs.  His 
school  of  mines  training  will  enable  him  to  pick  up  the  essential 
point  of  any  operation  very  quickly. 

8o  that  something  concrete  may  be  offered,  Table  I  is  an 
attempt  to  devise  the  kind  of  manual  and  technical  training  or 
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experience  every  graduate  should  undergo  when  first  employed 
by  a  mining  company  after  graduation. 


Table  I 

Examining  surface  layout  

Travelling  mine  with  underground  ofl&cial 
Track  laying 

Tramming  and  loading 

Timbering  and  road  repairs        

Shaft  maintenance  

Ventilation  measurement  

Dust  sampling       

Erecting  ventilation  tubes,  etc. 

Main  haulage        

Shaft  station 

Pipe  laying  

Making  pump  or  engine  houses 

Running  scraper  loaders,  etc 

Development         

Stoping 

Winzing  or  raising  

Shaft  sinking         

Underground  surveying 

Sampling    ... 
Assay  ofiBco 

Mechanical  engineer  shops  

Electrical  engineer  shops 

Compound  management 

Wages  accounts 

Planning  department       

Stores  department  

^mAXa  •••  ••«  •••  •••  ••» 

iLM\J%M  Vv  •••  •••  •••  •••  ••• 


Weehi 
1 
2 
2 
2 
8 
2 
4 
4 
2 
2 
1 
1 
2 
2 
8 
8 
4 
2 
12 
4 
2 
4 
4 
2 
2 
4 
2 
4 
8 

105 


i  Any  time  spent  on  these  tasks  before  graduating  should  count.) 


In  the  Appendix  are  included  details  of  schemes  in  operation  at 
various  mines  or  groups  of  mines  in  South  Africa. 

If  any  of  these  schemes  are  strictly  adhered  to  then  a  young 
graduate  will  become  a  mining  engineer  in  due  course.  He  will 
stay  in  the  industry  because  he  knows  ho  is  being  looked  after  and 
will  not  be  anxious  to  transfer  to  such  other  engineering  professions 
as,  for  instance,  public  works. 


e 
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APPENDIX 
A.  Witwatersrand :  Scheme  1 

Sampling  ... 
Surveying  ... 
Ventilation  and  dust  sampling  ... 

Study  department  

General  mining  (stoping,  development) 
Drive  timbering,  pipes  and  tracks 

Shaft  timbering 

Reduction  works 

White  and  native  time  offices  (1  week  in 

Native  compound  

Main  store  and  timber  yard 
Assay  office 

Bock  drill  fitting  

Drill  sharpening 

JLotai      ...        ...         ... 


each) 


Weeks 
6 
4 
4 
6 

17 

6 
2 
2 
1 
1 
2 
1 

52 


B.  Witwaiersrand :  Scheme  2 

MorUhs 

Sampling    ...        ...        ...        ...        ...        ...        ...  6 

Surveying  ...         ...         ...         ...         ...        ...         ...  6 

Stoping  and  development  (under  supervision  of  a  miner)  8 

Pipe  laying  and  track  laying      1 

Engineering  shops  1 

Ventilation  1 

Timbering,  including  shafts        2 

Haulage,  including  vertical  shafts         2 

Study  department  1 

2  annual  leaves  of  1  month  each  2 

Thereafter  a  graduate  would  probably  be  given  the  following 
additional  training : 

Compound  and  native  control 1 


Stoping  and  development  (on  his  own) 

Economy  department      

Study  department  

jueave         ...         ...         ...         .•« 


5 
1 
6 
1 


C.  Northern  Rhodesia 

(This  is  a  composite  scheme  made  up  from  information  received 
from  several  mines.) 

Months 


Sampling    ... 
Surveying  ... 
Ventilation 
Mine  planning 


8 
8 
3 
3 
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Undergroand  work — 
LaBhing 
Timbering      ... 
Development 
Shaft  sinking... 
Tramming 
Scraping 
Pipe  fitting    ... 
Diamond  drill 
General  stoping 


Month 
i 

i 
1 

1 

1 

2 
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,%  Extra   copies   of  this  paper   may   be   obtained   at   a   cost 
Is.  Od.  each,  at  the  office  of  the  Institution,  Salisbury  Horn 
Finsbury  Circus,  London,  B.C.  2. 
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THE  INSTITUTION  OF  MINING  AND  METALLURGY 

^  Review  of  Pneumokoniosis  and  Dust  Suppression 

in  Mines 

Part  I — Medical  Aspects  of  Pneumokoniosis* 
By  A.  G.  Hepplebton,  m.b..  m.r.c.p.I 

Introduction 

Chronic  respiratory  disease  is  known  to  have  afflicted  the  workers 
in  dusty  trades  from  prehistoric  times  (Eosen,  1943)  and  the 
^esirabiUty  of  avoiding  the  inhalation  of  mine  dust  was  appreciated 
"by  the  Romans  (Pliny),  but  it  remained  for  Agricola  {De  re  vietallica, 
1656)  to  associate  clearly  the  inhalation  of  dust  with' the  occurrence 
^f  pulmonary  disease  in  miners,  especially  where  the  mines  were 
dry.  Following  the  Roman  practice  he  advocated  the  use  of  a 
simple  respirator  as  a  preventative  measure.  Since  those  early 
times  the  idea  that  dust  caused  pulmonary  disease  has  gradually 
gained  general  acceptance,  more  particularly  since  Zenker  (1867) 
demonstrated  beyond  doubt  that  atmospheric  dust  could  be 
deposited  in  the  depths  of  the  lungs. 

Miners*  sickness,  as  this  respiratory  disease  was  originally  called, 
bore  certain  clinical  resemblances  to  pulmonary  tuberculosis,  such 
as  destruction  of  the  lungs  and  emaciation  (Agricola,  ibid.).  Many 
of  the  earlier  workers,  howeyer,  were  careful  to  distinguish  the  two 
conditions.  Although  detailed  studies  of  the  pathology  of  miners' 
lungs  are  relatively  recent,  the  question  of  the  relationship  of  dust 
accumulation  to  tuberculosis  was  raised  in  some  of  the  earlier 
investigations  (e.g.  Graham,  1834 ;  Cox,  1857  ;  Peacock,  1860-61  ; 
Begbie,  1866).  Proof  of  such  an  association  was  wanting  for  many 
years  owing  to  lack  of  technical  methods,  but  with  their  advent  it 
became  clear  that  tuberculosis,  in  one  form  or  another,  was  an 
important  factor  in  the  production  of  pulmonary  disease  in 
individuals  exposed  to  certain  occupational  dust  hazards. 

The  magnitude  of  the  problem  of  pneumokoniosis  as  it  exists 
to-day  can  be  judged  from  the  following  facts.  In  South  Wales 
approximately  18,000  coal  workers  have  been  disabled  by  pneu- 
mokoniosis during  the  past  17  years  (Jenkins,  1948),  whilst  for 
the  years  1941-44  the  incidence  of  new  cases  of  silicosis,  with  and 
without  tuberculosis,  in  European  miners  on  the  Witwatersrand 
was  9-53  per  1,000  examined  (Smith,  1941-44).    Nevertheless,  much 

♦  This  review  discusses  the  present  state  of  medical  knowledge  and 
has  been  prepea^  at  the  request  of  the  Joint  Committee  of  The  Institution 
of  Mining  Engineers  and  The  Institution  of  Mining  and' Metallurgy,  by  whom 
the  Conference  on  Silicosis,  Pneumokoniosis  and  Dust  Suppression  in 
Mines,  London,  April,  1947,  was  organized.  At  a  later  date  it  is  hoped  to 
publish  reviews  of  the  mining  and  engineering  aspects  of  the  problem. 

tDepartment  of  Pathology,  Welsh  National  School  of  Medicine,  Cardiff. 
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has  been  done  to  prevent  the  disease,  as  the  corresponding  inddenoe 
on  the  Rand  for  1917-20  shows,  namely  28*11  oases  per  1,000 
examined  (ibid). 

Two  forms  of  pneumokoniosis  can  be  distinguished,  a  simple 
type  due  to  dust  acting  alone  and  an  infected  type  due  to  the 
combined  effect  of  dust  and  infection,  particularly  tubercolosii 
(e.g.  Strachan,  1947  ;  Gough,  1947  ;  Caplan,  1947  ;  Craw,  1947). 

Simple  Pneumokoniosis 

For  a  dust  to  produce  disease  a  sufficient  amount  must  collect 
in  the  lungs,  what  Mavrogordato  (1926)  called  the  efifective  oocapa- 
tion  of  the  lungs  by  dust.  This  accumulation  depends  on  seyeral 
factors,  and  of  these  the  size  of  the  particles  reaching  the  substance 
of  the  lungs  appears  to  be  the  most  important.  It  is  generally  agreed 
that  particles  above  a  size  of  5/jl  are  rarely  found  in  pneumokoniotio 
lungs  (McCrae,  1913  ;  Drinker,  1925  ;  Sayers  and  Jones,  1937)  and 
accordingly  only  those  dusts  which  exist  in  the  atmosphere  in  this 
finely  divided  state  can  be  considered  as  potential  causes  of 
pulmonary  disease.  Subsidiary  factors  such  as  the  concentration 
of  and  the  duration  of  exposure  to  air-borne  dust  are  self-evident, 
but  the  part  played  by  individual  susceptibility  to  the  accumulation 
of  dust  in  the  lungs  is  less  well  known.  The  efficiency  of  the  pul- 
monary mechanisms  for  eliminating  inhaled  particulate  matter 
seems  to  vary  from  one  individual  to  another  since  under  fairly 
comparable  conditions  there  are  often  considerable  variations  in 
the  amounts  of  dust  which  different  persons  collect  in  their  lungs. 
Of  these  individual  variants  nasal  filtration  (Lehmann,  1933), 
bronchial  movement  and  secretion,  ciliary  action,  phagocytosis 
and  previous  damage  to  the  lung  may  be  mentioned.  There  may 
even  be  a  selective  action  by  the  lungs  on  certain  types  of  dust 
(Fenn,  1920-21,  1922-23  ;  Policard,  1938).  The  effect  of  deep 
breathing  due  to  physical  exertion  whilst  exposed  to  a  dusty 
atmosphere  is  difficult  to  assess.  Although  it  might  be  anticipated 
that  under  these  conditions  more  dust  would  be  inhaled,  it  is 
quite  possible  that  more  would  also  be  eliminated  on  exhalation. 
This  contention  receives  some  support  from  the  common  observation 
that  less  dust  tends  to  collect  in  the  lower  parts  of  the  lungs,  which 
are  usually  considered  to  bo  better  ventilated  than  the  upper 
parts. 

The  precise  pathological  changes  produced  by  dust  as  it  occupies 
the  lungs  depend  upon  the  constitution  of  the  dust.  When  the 
inhaled  dust  contains  a  large  proportion  of  free  silica  hard,  fibrous, 
*  silicotic  *  nodules,  measuring  up  to  J  cm.  in  diameter,  are  produced 
(Strachan  and  Simson,  1930  ;  Simson,  Strachan  and  Irvine,  1931  ; 
Simson  and  Strachan,  1935),  but  with  dusts  containing  only  a 
small  amount  of  free  silica  the  lesions  are  softer,  being  only  slightly 
fibrous,  and  often  deeply  pigmented  (Gough,  1947  ;  Craw,  1947). 
Li  coal  workers  the  dust  lesions  consist  essentially  of  numerous 
black  spots,  up  to  J  cm.  diameter,  evenly  scattered  throughout 
the  lungs.     The  air  spaces  surrounding  these  lesions  are  often 
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Dnsiderably  enlarged  and  this  focal  emphysema  is  much  more 
yvere  than  in  classical  sihcosis  (Badham  and  Taylor,  1936 ; 
rough,  1944,  1947  ;  WilUams,  1944 ;  Heppleston,  1947).  Whether 
iher  dusts  of  low  free  silica  content  produce  the  focal  form  of 
mphysema  remains  to  be  demonstrated.  Thus  we  may  dis- 
inguish  a  specific  type  of  simple  pneumokoniosis,  namely  silicosis, 
ue  to  a  specific  chemical  substance,  and  a  non-specific  type  due 
0  a  mixture  of  different  substances  in  which  there  is  usually  much 
988  free  silica.  In  this  review  we  are  not  concerned  with  asbestosis, 
'  specific  form  of  pneumokoniosis  due  to  a  fibrous  silicate. 

That  some  of  these  lesions  at  least  are  produced  by  dust  itself  is 
hown  by  the  following  evidence.  Histologically  the  simple 
>Deumokoniosis  of  coal  workers  has  none  of  the  features  of  an 
ofective  process.  In  silicosis,  however,  whilst  we  cannot  be  so 
lefinite  on  such  grounds,  bacteriological  examination  has  shown 
bat  typical  nodules  may  occur  without  any  evidence  of  an 
ssociated  tuberculous  infection  (Simson  and  Strachan,  1935). 
t  can  be  objected  that  such  infection  may  have  been  present 
riginally  and  may  subsequently  have  healed.  Nevertheless, 
nimal  experiments  indicate  that  a  lesion  closely  resembling  the 
uman  one  can  be  produced  by  the  inhalation  or  intravenous 
yection  of  finely-divided  quartz  dust  without  the  aid  of  any  other 
tctor  (Gardner,  1932  ;  Gardner  and  Cummings,  1933).  The  early 
ages  of  Welsh  coal  workers*  pneumokoniosis  have  also  been 
^produced  experimentally  by  underground  exposure  to  air-borne 
ust  in  the  absence  of  infection  (Heppleston,  to  be  published). 

Disability  in  simple  pneumokoniosis  usually  presents  itself  as 
reathlessness  due  fundamentally  to  defective  exchange  of  gases 
3tween  the  inhaled  air  and  the  blood.  According  to  Simson  and 
;rachan  (1985)  fibrous  tissue  overgrowth  is  apparent  at  an  early 
age  in  the  development  of  the  silicotic  nodule  and  this  fibrosis 
sadily  extends  as  the  lesion  matures.  Whilst  there  is  no  doubt 
me  replacement  of  functioning  lung  tissue  by  the  nodules,  their 
dn  effect  according  to  Simson  (1935)  is  to  constrict  the  small 
"  passages  around  which  they  develop.  Such  focal  emphysema 
occurs  will  contribute  to  the  respiratory  incapacity.  As  to  the 
jtors  underlying  the  disability  in  the  non-specific  pneumokonioses 
>  can  as  yet  speak  only  of  the  condition  in  Welsh  coal  workers. 
)re  focal  emphysema  appears  to  be  the  primary  factor,  but  its 
)chanism  has  not  been  fully  elucidated.  Obliteration  of  small 
3as  of  lung  tissue  by  the  dust  foci  themselves  may  play  a 
bsidiary  role.  In  both  these  forms  of  pneumokoniosis  general 
iphysema,  apparently  occurring  as  an  independent  entity,  may 
mpUcate  the  picture.  Occasionally  simple  pneumokoniosis  is 
sponsible  for  death  as  a  consequence  of  congestive  heart  failure. 
Several  theories  have  been  advanced  to  explain  how  dusts  as  such 
b  on  the  lungs.  The  idea  that  dust  penetrated  into  the  tissues  of 
3  limgs  by  virtue  of  its  hardness  and  sharp  edges  has  gradually 
en  discarded  since  Zenker  (1867)  showed  that  particles  which 
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were  neither  very  hard  nor  sharp  could  pass  from  the  atmospherf 
into  the  lung  substance.  Gardner  (1928)  refuted  the  belief  that 
pulmonary  fibrosis  was  caused  by  irritation  from  hard,  sharp 
particles  when  he  failed  to  induce  such  fibrosis  in  guinea-pigs  bj 
the  inhalation  of  carborundum  dust,  the  particles  of  which  are 
nearly  as  hard  as  those,  of  the  diamond  and  whose  abrasive  qoalitieB 
are  well  known.  Following  the  work  of  Gye  and  Purdy  (1922, 
1924)  and  Gye  and  Kettle  (1922)  many  people  now  maintain  that 
in  sihcosis  the  fibrous  tissue  over-growth  is  stimulated  by  slow 

*  solution  '  of  free  silica  particles  in  the  body  fluids.    Although  this 
view  was  afi&mied  by  the  International  Conference  on  Silicosis  in 
1988  (I.L.O.,  1988)  the  evidence  is  not  conclusive  (King,  1988) 
and  has  been  discussed  critically  by  Gardner  (19876).  For  instance 
Gardner  (1984)  states,  on  the  basis  of  his  experimental  work,  that; 

*  the  relatively  insoluble  quartz  particles  are  definitely  more  actir^ 
than  the  more  readily  soluble  silicate  particles  and  tissue  reaction^ 
begin  to  develop  so  quickly  that  it  is  hard  to  conceive  of  such  ^ 
solution  of  silica  having  occurred  in  the  weakly  alkaline  bod^' 
fluids*.    To  meet  such  objections  Heffernan  (1985,  1944)  suggests- 
that  the  activity  of  free  silica  particles  on  tissues  depends  upo0 
the  electrically  unsatisfied  oxygen  atoms  of  the  freshly  produced 
silicon-oxygen  tetrahedra.     Silicate  particles  on  the  other  hand- 
are   electrochemically  inert   even  when  fresh.     Gardner   (1938)  ^ 
however,  points  out  that,  whilst  freshly  fractured  free  silica  may 
be  more  potent  than  silica  which  has  aged,  the  ageing  process  is  not 
progressive  since  silica  remains  active  for  long  periods,  even  when 
it  is  suspended  in  dilute  aqueous  sodium  chloride  solution.     Id 
coal  workers'  pneumokoniosis  free  silica  has  again  been  incriminated 
since  coal  dust  contains  a  small  amount  of  this  substance  (Gardner. 
1984,   1935,   19876,   1939;    Sayers  et  al.,   1935;    Cummins  and 
Sladden,  1930;    Bolt  and  Ferris,  1942).     The  adherents  of  this 
view  explain  the  different  pathological  appearances   of   classical 
silicosis    and    coal    workers'    pneumokoniosis    as    being    due    to 
modification  of  the  action  of  the  free  silica  by  the  other  components 
of  the  coal  dust.    The  results  of  in  vitro  and  in  vivo  experiments  based 
on  this  idea  have  not  provided  completely  satisfactory  support 
(King  and  Nagolschmidt,  1945  ;  King,  1945  ;  Belt  and  King,  1945), 
and  the  direct  effect  of  the  major  portion  of  the  dust  has  received 
insuflficiont  attention  (Badham  and  Taylor,  1936).    The  disease  in 
haematite  workers  has  also  been  explained  as  a  modified  sihca 
effect  (Gardner,  1934,  1935,  19376,  1939;    Craw,  1947).     Thus, 
whilst  silicosis  may  well  arise  as  a  consequence  of  a  chemical  or 
physico-chemical  reaction  between  the  lung  tissue  and  the  siUoa 
dust,  the  non-specific  disease  of  Welsh  coal  workers  is  more  readily 
explicable  as  the  result  of  simple  overloading  of  the  lungs  with 
dust  irrespective  of  its  nature  rather  than  as  a  modified  silica  effect. 
It  cannot  be  denied  that  free  silica  may  play  some  part  in  the 
genesis  of  the  disease  in  coal  workers,  but  its  contribution  appears 
to  be  of  much  less  importance  than  that  of  the  other  components 
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f  the  coal  dust.  In  these  men  it  appears  that  as  more  dust  is 
Bposited  than  can  be  removed  it  collects  into  small  aggregates 
hich  then  undergo  a  very  mild  form  of  fibrosis,  thereby  preventing 
urther  dispersal  of  the  dust.  As  a  consequence  of  the  aggregation 
ad  fibrosis  focal  emphysema  develops  (Heppleston,  1947). 
^oUcard  (1947)  also  believes  that  pneumokoniosis  may  arise  from 
be  mechanical  presence  of  large  amounts  of  inert  foreign  material. 

Infected  Pneumokoniosis 

This  type  occurs  as  a  complication  of  simple  pneumokoniosis 
;id  consists  essentially  of  pigmented  masses  of  hard  fibrous  tissue 
nbedded  in  the  lung  substance.  In  size  they  vary  from  one  to 
>veral  cm.  across  and  are  usually  located  in  the  upper  or  middle 
Drtions  of  the  lung  and  somewhat  posteriorly.  Cavitation  may 
^ur  in  massive  lesions,  appearing  either  as  an  area  of  liquefaction 
ae  to  loss  of  blood  supply  or  as  a  typical  tuberculous  cavity. 
Passive  lesions  occasionally  show  other  evidence  of  tuberculosis 
id  a  rapid  terminal  involvement  of  the  whole  lung  by  tuberculosis 
lay  originate  in  them  (see  Gardner,  1937a ;  Hale,  1946  ;  Craw, 
^47).  Bullous  emphysema,  sometimes  of  severe  degree,  may 
Jcur  in  relation  to  the  massive  lesions,  whilst  general  emphysema 
lay  be  present  independently. 

There  is  good  reason  for  believing  that  these  massive  areas  of 
brosis  are  tuberculous  in  origin.  They  occur  in  places  which  often 
orrespond  to  the  common  sites  for  the  development  of  chronic 
ulmonary  tuberculosis  in  the  general  population  (Gardner,  1939). 
ficroscopically  massive  lesions  usually  bear  evidence  of  a  chronic 
ifective  process  and  in  a  proportion  of  cases  this  is  tuberculous. 
1  silicosis  Gardner  (1940)  found  microscopical  signs  of  tuberculosis 
1 60  per  cent  of  massive  lesions,  but  in  coal  workers'  pneumokoniosis 
le  incidence  is  approximately  30  per  cent  (Gough,  1947).  Further, 
imson  and  Strachan  (1935)  isolated  tubercle  bacilli  from  certain  of 
leir  silicotic  massive  lesions,  and  Rogers  (1946)  claims  to  have 
?monstrated  this  organism  in  75  per  cent  of  such  lesions  from  a 
Ties  of  831  Welsh  coal  workers.  The  absence  of  histological  and 
acteriological  evidence  of  tuberculosis  in  some  cases  may  mean 
lat  the  technical  methods  are  inadequate,  that  the  infection  has 
3en  overcome  leaving  a  healed  lesion,  or  that  the  massive  fibrosis 
^presents  the  end  result  of  a  non-tuberculous  inflammatory 
rocess  such  as  a  localized  pneumonia.  Animal  experiments  show 
lat  tuberculous  infection  of  the  lungs  combined  with  the  inhalation 
I  various  dusts,  including  free  silica,  can  induce  extensive  fibrosis 
jardner,  19876,  1938),  but  non-tuberculous  infection  of  the  lungs 
:  silicotic  rabbits  failed  to  do  so  (Vorwald,  Delahant  and  Dworski. 
^40).  If  we  accept  the  view  that  tuberculosis  is  the  underlying 
luse  of  infected  lesions  in  pneumokoniosis  we  must  admit  that 
le  tuberculosis  usually  occurs  in  a  modified  form,  one  which 
iggests  a  retardation  of  its  rate  of  progress  and  a  limitation  of  its 
ctent. 
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It  is  comparatively  easy  to  appreciate  that  the  obliteration  of  a 
large  area  of  lung  tissue  by  massive  fibrosis  will  interfere  irith 
respiratory  function  and  produce  disability,  especially  when 
aggravated  by  bullous  emphysema  occurring  as  a  consequenoe  of 
the  fibrosis.  Severe  strain  may  be  placed  on  the  heart  by  these 
two  factors  and  congestive  heart  failure  may  ensue,  often  proceeding 
to  a  fatal  issue.  This  termination  appears  to  be  commoner  than 
active  tuberculosis  in  Welsh  coal  workers  (Gough,  1947),  whereas 
the  reverse  obtains  in  classical  siHcosis  (Strachan,  1947).  Death  is 
sometimes  due  to  causes  other  than  pneumokoniosis. 

Assessment  of  the  Degree  of  Disability 

This  assessment  provides  the  basis  for  compensation  and  also  for 
recommendations  as  to  suitable  alternative^  employment.  Con- 
ditions simulating  pneumokoniosis  must  first  be  excluded. 

Simple  Pneumokoniosis. — The  clinical  history  and  examination 
may  be  quite  misleading  owing  to  the  subjective  factor  and  the 
absence  of  diagnostic  features.     The  degree  of  clinical  disability 
in  siUcosis  cannot  be  correlated  accurately  with  the  extent  of  the 
radiological  changes  (George,  1938  ;  Irvine,  1988  ;  Crombie,  Blaisdell 
and  MacPherson,  1944),  and  the  same  is  true  for  Welsh  coal  workers. 
In  the  latter  Gough  (1947  and  to  be  published)  has  demonstrated 
that  the  X-ray  appearance  of  '  reticulation  '   (Hart  and  Aslett, 
1942)  is  produced  by  the  superimposition  of  the  shadows  of  the  dust 
foci,  no  matter  whether  these  are  accompanied  by  focal  emphysema 
or  not,  yet  it  is  precisely  the  focal  emphysema  which  is  believed 
to  be  mainly  responsible  for  the  disability.     The  physiological 
tests  so  far  applied  to  this  problem  have  not  proved  very  satis- 
factory.    Many  of  thorn  are  open  to  subjective  errors,  are  time 
consuming,   lack   delicacy  and   seem  incapable  of  distinguishing 
incapacity  due  to  pneumokoniosis  from  that  due  to  associated 
but    not    necessarily    related    pulmonary    or    cardiac    conditions 
(Irvine,    1938:    McMichael,    Hart    and '^  Aslett,    1942;    Crombie, 
Blaifldcjll  and  McPhcrson,  1944).    For  practical  purposes  a  simple 
and  reliable  objective  test  has  still  be  to  found. 

Infected  Pneumojioniosis. — Similar  considerations  apply  here. 
Whilst  there  is  perhaps  a  closer  correlation  between  the  degree  of 
clinical  disability  and  the  extent  of  the  radiological  opacities  in  the 
infected  than  in  the  simple  form  of  pneumokoniosis,  this  is  by  no 
means  absolute  and  there  may  even  be  no  disability  at  all.  The 
discrepancy  probably  depends  upon  the  coexistence  of  buUous 
emphysema,  generalized  emphysema,  simple  pneumokoniosis  or 
active  infection,  singly  or  in  any  combination.  The  separation  of 
disability  due  to  pneumokoniosis  from  that  due  to  associated 
diseases  may  again  prove  difficult.  The  presence  of  active  tuber- 
culosis in  massive  lesions  is  often  revealed  as  *  fluffy  '  shadows  on 
the  X-ray  film,  but  clinical  evidence  of  such  infection  may  not  be 
apparent  until  the  later  stages.  Occasionally  bacteriological 
examination  demonstrates  tubercle  bacilli  in  the  sputum. 


OF    PNBUMOKONI08I8    AND    DUST    SUPPRESSION    IN    MINES  16 

Although  the  assessment  of  disability  on  the  basis  of  clinical  or 
X-ray  examination  leaves  much  to  be  desired,  the  current  practice 
of  combining  the  two  methods  does  achieve  a  reasonable  degree  of 
Accuracy  in  experienced  hands.  If  such  examinations  are  carried 
out  prior  to  and  at  intervals  during  the  occupational  exposure  to 
dost  a  continuous  record  is  provided  for  each  man  and,  from  the 
South  African  experience  of  silicosis,  it  appears  that  many  errors 
of  assessment  can  thereby  be  reduced  (Orenstein,  1988).  The 
supplement  of  a  simple  objective  physiological  test  would  provide 
A  measure  of  disabihty  instead  of  relying  on  personal  judgement. 
Because  a  miner  is  physically  disabled  by  pneumokoniosis  it  does 
not  necessarily  mean  that  he  is  incapable  of  any  other  work.  If  he 
can  work  it  is  most  desirable  that  he  should  do  so  in  his  own  as 
well  as  in  the  national  interest.  The  rehabihtation  bf  disabled 
men  entails  a  complete  knowledge  of  their  physical  capacities 
together  with  the  type  and  maximum  physical  requirements  of  the 
alternative  occupation.  These  factors  must  be  equated  in  each 
case. 

The  Control  of  Pneumokoniosis 

There  are  two  main  aspects  to  this  problem — engineering  and 
medical. 

Engineering. — The  basic  requirement  for  prevention  of  the 
disease  is  the  suppression  of  dust,  preferably  at  its  source,  combined 
with  adequate  ventilation.  Since  it  appears  that  dusts  of  very 
different  composition  can  induce  disease,  the  practical  aim  must 
be  to  eliminate  all  forms  of  dust  and  Especially  the  fractions  below 
the  size  of  6/x.  Apparently  more  attention  should  be  directed  to 
the  smallest  fractions,  since  Orenstein  (1947)  suggests  that  water 
may  fail  to  remove  the  dangerous  very  fine  particles  from  the  air. 

Medical. — Short  of  prevention  the  only  means  of  arresting  simple 
pneumokoniosis  is  removal  from  the  dust  hazard.  So  far  as  the 
worker's  health  is  concerned  the  ideal  is  removal  at  the  earhest 
sign  of  incapacity  but  economic  considerations  may  necessitate 
a  modification  of  this  objective. 

The  eradication  of  infection,  particularly  tuberculosis,  is  of  the 
greatest  importance.  Ideally  tuberculosis  must  be  excluded  in 
every  entrant  into  an  occupation  with  a  dust  hazard,  and  a  man 
developing  this  infection  whilst  exposed  to  dust  must  be  removed 
from  his  occupation  forthwith,  both  for  his  own  sake  and  to  avoid 
the  possibihty  of  infecting  others. 

These  objects  can  only  be  achieved  by  the  institution  of  initial 
and  periodical  medical  examinations  for  all  workers  in  dusty  trades. 
Such  examinations  should  include  a  full  industrial  history  and  be 
conducted  clinically,  radiologically  and,  when  practicable,  physio- 
logically. Laboratory  investigation  may  be  neo3ed  in  certain 
cases.  To  interpret  the  results  of  these  examinations  correctly  it 
is  essential  to  correlate  them  closely  with  the  pathological  features 
seen  post-mortem.    Much  has  already  been  done  in  this  direction, 


16  A.    O.    HEPPLEHTON  :      flEVIEW    OF    MEDICAL   ASPECTS 

mainly  with  reference  to  silicosis  (Irvine,  1985-1988 ;  Smith, 
1941-1944;  Sayers,  1988;  Crozier,  Martin  and  Policard,  1988), 
and  Gough  is  proceeding  on  these  hnes  in  connection  with  Welsh 
coal  workers.  In  South  Africa,  in  haematite  mining  and  in 
certain  other  British  industries  clinical  and  radiological  measures 
have  been  applied  systematically  with  appreciable  success  (Irvine, 
1938  ;  Craw,  1947).  The  initial  examination  may  prove  to  be  the 
most  important  part  of  the  scheme  by  excluding  those  men  whose 
physical  features  suggest  that  they  are  particularly  liable  to 
contract  pneumokoniosis  or  tuberculosis  (Smith,  1941-1944 ; 
Craw,  1947). 

Initial  and  periodical  medical  examinations  of  all  workers 
exposed  to  a  dust  hazard  provide  information  as  to  the  incidence 
of  simple  and  infected  pneumokoniosis  in  the  population  at  risk 
and  enable  exact  comparisons  to  be  made  between  the  incidence  of 
pulmonary  tuberculosis  in  these  men  and  in  the  remainder  of  the 
working  population.  The  importance  of  such  knowledge  lies  in 
the  fact  that  the  value  of  any  particular  method  of  control,  whether 
engineering  or  medical,  must  ultimately  be  assessed  by  its  effects 
upon  the  incidence  of  the  disease  in  both  its  forms.  As  penumo- 
koniosis  develops  slowly  medical  supervision  will  be  necessary 
for  many  years  before  this  information  is  forthcoming.  It  is 
desirable  that  medical  supervision  of  affected  workers  should 
continue  after  exposure  to  dust  has  ceased.  South  African  ex- 
perience of  simple  silicosis  shows  that  this  form  may  progress 
after  leaving  the  mines  (Irvine,  1985-1938  ;  Smith,  1947),  as  might 
be  expected  on  the  *  silica  solubility  '  theory.  In  Welsh  coal 
workers,  where  overloading  seems  to  bo  the  most  important  factor 
in  the  simple  form  of  the  disease,  such  progression  appears  less 
likely  to  occur,  but  this  contention  requires  substantiation.  A 
more  important  reason  for  continued  supervision  of  cases  of  simple 
pneumokoniosis  after  cessation  of  employment  is  the  detection  of 
infective    complications,    particularly    tuberculosis.  Infected 

pneumokoniosis,  whenever  it  arises,  is  a  progressive  condition  and 
accordingly  men  suffering  from  it  should  be  followed  up  indefinitely 
after  their  compulsory  suspension  from  work.  When  tuberculosis 
does  develop  the  members  of  the  man's  family  should  be  examined 
to  exclude  infection  in  them. 

The  position  of  aluminium  in  the  prevention  and  treatment  of 
human  pneumokoniosis  is  far  from  settled.  The  experimental 
work  of  Denny,  Robson  and  Irwin  (1937,  1939)  and  of  Gardner, 
Dworski  and  Delahant  (1944)  leaves  no  doubt  that  sihcosis  in 
animals  can  be  prevented  or  arrested  by  the  inhalation  of  aluminium 
or  alumina  dust.  Gardner  et  al.  nevertheless  believe  that  alumina 
mav  influence  unfavourablv  resistanc(»  to  tuberculosis.  Clinical 
trials  in  Canada,  usiufr  alinninium  powder,  on  34  sihcotic  men 
produced  subjective  beiK^tit  in  55  per  cent,  and  32  per  cent  showed 
objective  evidence  '»f  improvement  (Crombie,  Blaisdell,  and 
MacPherson,  1944).      These  authors  believe  that  treatment  with 
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aluminium  powder  of  respirable  size  offers  every  prospect  of 
preventing  the  development  of  human  siUcosis.  Other  workers, 
however,  have  not  aclueved  the  same  success  in  the  treatment  of 
the  disease.  It  is  very  doubtful  whether  aluminium  therapy  has 
ever  caused  the  regression  of  established  simple  silicosis  as  judged 
by  X-rays,  and  as  a  preventative  measure  the  method  remains 
unproven.  Its  use  must  therefore  be  subjected  to  the  strictest 
medical  control  over  a  prolonged  period.  In  silicosis  aluminium  is 
believed  to  act  by  coating  the  sihca  particles  with  an  insoluble  and 
impermeable  layer  of  aluminium  hydrate,  so  preventing  *  solution  * 
of  the  silica  in  the  body  fluids.  On  Heffernan's  theory,  however, 
aluminium  combines  with  the  unsatisfied  oxygen  atoms  of  the 
siUca  tetrahedra  to  form  a  surface  layer  of  alumina,  so  rendering 
the  silica  inert  (Dennj-,  Robson  and  Irwin,  1987).  It  has  been 
suggested  that  the  benefit  derived  from  aluminium  treatment 
may  depend  on  quite  a  different  mechanism,  namely  the  reUef  of 
bronchial  spasm.  No  evidence  has  been  adduced  in  support  of 
this  contention,  which  must  therefore  be  regarded  as  speculative. 
In  the  simple  pneumokonioses  due  to  dusts  with  a  low  free  silica 
content  the  chemical  or  physico-chemical  theories  of  sihca  action 
may  not  He  applicable,  so  that  aluminium  may  have  no  beneficial 
effect  and  even  do  harm  by  adding  yet  more  dust  to  that  already 
overloading  the  lung.  Aluminium  therapy  must  on  no  account  be 
regarded  as  a  substitute  for  the  accepted  methods  of  dust  control. 

Primary  Cancer  of  the  Lung  in  Relation  to  Pnbumokoniosis 

In  South  Africa  there  is  no  evidence  to  suggest  that  pulmonary 
cancer  is  more  frequent  in  siUcotic  miners  than  in  non-silicotic 
miners  or  in  a  similar  body  of  adult  males  in  the  general  population 
(Irvine,  1935-1938).  Vorwald  and  Karr  (1988)  from  America 
state  that  there  is  no  radiological,  post  mortem  or  experimental 
evidence  to  indicate  that  the  inhalation  of  dust  (except  recognized 
carcinogens  such  as  radium  and  tar)  is  associated  with  an  increased 
incidence  of  pulmonary  cancer.  Experience  in  England  and 
South  Wales,  although  not  yet  based  on  statistics,  appears  to  support 
this  conclusion  in  regard  to  both  silicosis  and  coal  workers' 
pneumokoniosis . 
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THE  INSTITUTION  OF  MINING  AND  METALLURGY 

Report  of  Speeches  at  the  Annual  Dinner 
held  on  Thursday,  5th  May,  1949 

The  Annual  Dinner  of  the  Institution  of  Mining  and  Metallurgy 
was  held  at  the  Savoy  Hotel,  London,  on  Thursday,  5th  May,  1949. 
The  Chair  was  taken  by  the  President  of  the  Institution,  Mr.  S.  E. 
Taylor,  and  the  company  of  members  and  guests  numbered  about 
200. 

The  toast  of  '  The  King  '  was  proposed  by  the  President  and 
loyally  honoured. 

*  The  Institution  op  Mining  and  Metallurgy  * 

The  Rt.  Hon.  Sir  John  Anderson,  in  proposing  the  toast  of 
'  The  Institution  ',  spoke  as  follows  :  I  need  hardly  say  that  I  regard 
it  as  a  great  honour  to  be  asked  to  propose  this  toast.  \^en 
your  President  sent  me  the  invitation  I  accepted  it  with  alacrity 
because  I  reahzed  the  importance  of  the  occasion.  Then,  when  I 
came  to  reflect,  I  felt  that  I  had  perhaps  been  a  httle  rash, 
possessing  none — or  very  little — of  the  scientific  background  of 
others,  such  as  the  late  Sir  William  Bragg,  who,  I  observe, 
proposed  this  toast  on  a  previous  occasion.  However,  I  have 
knocked  about  a  good  deal  and  picked  up  a  few  odds  and  ends 
which  may  perhaps  form  the  basis  of  some  remarks  to  submit  to 
you.  I  should  hke  to  say  at  the  very  outset  that  this  very  famous 
Institution  has  never  been  more  important,  has  never  had  greater 
opportunities  of  rendering  valuable  service  to  the  community,  than 
at  the  present  time. 

In  what  I  am  going  to  say  I  think  I  had  better  make  a  separation 
of  the  two  subjects  which  are  included  in  your  title — mining  and 
metallurgy.  I  confess,  looking  round  these  tables,  I  should  find 
it  a  httle  difficult  to  distinguish  the  miners  from  the  metallurgists. 
My  excuse  for  referring  to  some  of  you  as  miners  is  that  as  I  came 
into  this  hotel  I  heard  the  doorkeeper  saying  to  everyone,  *  Miners 
downstairs  \  But  you  all  look  the  same,  fairly  cheerful — though 
that  possibly  may  be  a  postprandial  condition. 

To  come  to  mining  ;  was  there  ever  a  time  in  our  country  when 
the  spirit  of  adventure,  the  spirit  that  leads  people  to  go  out  into 
the  world  and  prospect,  was  more  necessary  for  the  restoration  of 
our  economy  than  it  is  at  the  present  time  ?  Of  course,  you  all 
know  very  well,  better  than  I  do,  that  prospecting  in  the  mining 
field  is  a  matter  not  only  of  difficulty  but  of  risk,  and  not  only  of 
personal  but  of  economic  risk.  If  people  are  expected  to  take  that 
sort  of  risk  they  have  to  be  lured  on  by  the  expectation  of  a 
commensurate  reward.  (Applause.)  I  rather  thought  that  would 
evoke  a  reaction.  That  is  where  taxation  hits  you  hard.  But  you 
will  perhaps  give  me — if  you  are  really  the  kindly  people  you  seem 
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to  be— some  little  credit  for  having  tried  to  do  as  mnoh  as  I  oonld 
in  a  former  capacity  to  ease  that  position,  and  I  am  glad  to  think 
that  in  that  respect,  at  anj  rate,  I  have  a  sucoessor  as  Ghanodlor 
of  the  Exchequer  who  has  followed  in  my  footsteps  and  sought  to 
improve  on  what  I  was  able  to  do. 

I  cannot  speak  on  either  mining  or  metallurgy  as  an  expert.  If 
I  pretended  to  do  so  the  President  of  the  Boyal  Society,  sitting  two 
paces  away  from  me,  would  think  very  ill  of  me,  or  less  well  of  me 
than  I  hope  he  does  now.  But  I  do  know  just  a  Uttle.  I  know  that 
mining  engineers  have  not  yet  by  any  means  exhausted  the 
possibilities  of  the  mineral  wealth  of  the  world.  I  recall  that  when 
I  was  in  the  Colonial  Office  nearly  half  a  century  ago  the  first 
geologists  were  sent  out  to  tropical  Africa — to  the  Grold  Coast  and 
Nigeria — and  practical  results  followed  very  speedily  in  your 
particular  field.  Diamonds  were  found  in  Sierra  Leone,  the  Udi 
coalfield  was  discovered  in  Nigeria,  and  the  Bauchi  tinfield  was 
opened  up  by  a  light  railway.  More  recently  important  new 
discoveries  have  taken  place  in  the  field  of  mining.  There  is,  for 
example,  titanium — a  metal  of  growing  importance — ^in  the  Quebec 
Province  of  Canada. 

A  metal  of  great  interest,  of  course,  is  uranium,  and  I  could  not 
let  an  occasion  like  this  pass  by  and  omit  a  reference  to  it.  That 
brings  me  to  a  matter  which  is  cognate,  namely,  the  importance  of 
developing  new  techniques  in  dealing  with  mineral  ores,  especially 
low-grade  ores.  When  I  was  in  Canada  not  very  long  ago  I  saw 
there  how  a  particular  ore — consisting  of  an  intimate  mixture  of 
sulphides  of  iron,  load,  zinc,  copper,  and  antimony,  with  a  little 
silver  and  gold — was  dealt  with  by  a  process  which,  I  believe,  was 
called  the  flotation  process,  devised  by  one  of  your  own  members 
and  a  friend  of  mine.  When  we  come  to  uranium,  this  occurs  in 
massive  formations  only  in  very  few  places  in  the  world,  notably 
in  the  Belgian  Congo  and  in  Canada.  In  South  Africa  there  are 
sources  which  probably  greatly  exceed  in  total  quantity  the  possible 
production  from  the  fields  I  have  mentioned,  but  it  is  a  very  low- 
grade  material  and  a  great  deal  must  depend  on  the  development  of 
new  and  efficient  methods  of  recovering  the  uranium  from  such 
material.  All  that  is  exceedingly  important,  not  only  for  mining 
engineers  or  mining  companies,  but  for  the  whole  human  com- 
munity, and  that  is  a  matter  in  which  you  can  make  tremendous 
contributions. 

If  I  may  now  switch  over  to  metallurgy  ;  on  this  I  know  even 
less  than  about  geology  and  mining.  I  see  the  Director  of  the 
Geological  Survey  in  front  of  me  and  his  presence  reminds  me  that 
there  was  a  time  when  I  spent  some  years  in  trying  to  learn  about 
geology.  But  about  metallurgy  I  can  honestly  claim  to  know 
nothing.  Nevertheless,  I  am  going  to  tell  you  something  about  it, 
thereby  following  the  example  of  politicians,  who  are  always  telling 
the  public  about  things  of  which  they  themselves  know  precious 
httle.    Their  success  depends  upon  the  skill  with  which  they  manage 
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to  conceal  their  ignorance.  I  hope  I  have  disarmed  you  by  that 
confession  at  the  outset,  but  I  do  know  this  that  until  quite  recently 
metallurgy  was  almost  wholly  empirical,  it  was  an  art  rather  than  a 
science.  During  quite  recent  years  science  has  brought  new  Ught 
xipon  metallurgy ;  new  methods,  new  instruments  have  become 
available.  I  need  only  refer  to  the  electron  microscope,  to  X-ray 
analysis,  and,  even  more  recently  to  what  I  believe  is  called  X-ray 
di&action.  All  this  has  turned  a  vast  amount  of  Ught  on  what  was 
until  then  a  very  obscure  field.  I  am  sure  that  metallurgists  now 
understand  as  they  never  did  before  the  significance  of  the  various 
phenomena  connected  with  metals.  They  know  more  about '  creep  ' 
and  about  the  age-hardening  of  alloys — a  very  interesting  topic. 
Certain  alloys,  as  you  all  know,  develop  hardness  at  ordinary  tem- 
peratures and  more  rapidly  at  temperatures  somewhat  above  normal 
in  the  mere  process  of  time.  It  is  now  known  that  this  is  due  to 
changes  of  phase  in  the  crystal  formation  and  in  that  field  your 
Institution  has  obviously  a  very  great  contribution  to  make  by 
encouraging  study  and  by  the  development  of  colleges  of  technology. 

That  brings  me  to  a  subject  which  is  common  to  both  mining  and 
metallurgy,  namely,  the  provision  of  better  facilities  for  technical 
education.  It  is  very  easy  to  exaggerate  the  extent  to  which  we  in 
this  country  have  failed  to  keep  pace  with  other  countries,  notably 
America,  in  the  matter  of  technical  education.  I  say  that  it  is  very 
easy  to  exaggerate  that.  After  all,  we  are  not  so  bad  in  this  country, 
but  I  am  sure  we  could  do  with  more  and  better  faciUties,  and  your 
Institution  by  providing  scholarships  and  giving  encouragement  to 
students  and  helping  more  directly  in  the  development  of  technical 
colleges  can  make  a  most  significant  and  valuable  contribution  to 
the  well-being  of  our  country.  We  do  require  to  make  the  most  of 
our  natural  aptitudes  and  we  do  require  all  the  help  that  science 
can  afford.  In  pure  science  we  can  challenge  comparison  with  any 
country  in  the  world,  but  as  Sir  Henry  Tizard  has  pointed  out  more 
than  once,  what  we  require  is  not  only  increased  scientific  knowledge 
but,  even  more,  dissemination  of  that  knowledge  and  facihties  for 
its  appHcation  to  practical  affairs. 

That  is  all  I  will  venture  to  say  to  you.  Some  of  you  may 
disagree  with  some  of  the  things  I  have  said,  but,  on  the  whole,  I 
think  most  of  you  will  be  in  accord. 

I  have  to  couple  with  this  toast  the  name  of  your  President,  Mr. 
Taylor.  I  have  not  had  the  pleasure  of  knowing  him  until  this 
evening,  but  he  has  been  telling  me  something  of  the  activities  in 
which  he  has  been  engaged.  Like  me,  he  has  spent  some  time  in 
India,  and  hke  me  he  must  be  much  interested  in  political  develop- 
ments in  that  great  country.  There  is  one  thing  that  can  be  said 
with  perfect  confidence  about  India,  that  the  men  and  women  of 
our  race  who  have  gone  to  India  have  come  away  with  an  immense 
feeling  of  affection  for  the  people  of  that  great  country.  They  have 
taken  a  road  of  their  own  choosing  and  we  wish  them  well  in  their 
passage  along  it.    I  say  that  both  of  India  and  of  Pakistan^  and  I 
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have  many  personal  friends  in  both  parts  of  geographical  India. 

May  I  just  add  this,  that  if  the  President  has  anything  he  can 
tell  us  about  the  gold  standard,  I,  as  an  ex-Chancellor  of  the 
Exchequer,  will  be  much  interested  to  hear  it. 

The  President  said :  Sir  John  Anderson,  my  Lords  and 
Gentlemen,  in  responding  to  this  toast  so  admirably  proposed  by 
Sir  John,  I  must,  first  of  all,  on  behalf  of  the  members  of  our 
Institution — and  I  feel  sure  I  can  include  our  guests — thank  him 
sincerely  for  the  encouraging  and  interesting  way  in  which  he  has 
proposed  our  health.  He  said  that  he  had  felt  somewhat  rash  in 
accepting  my  invitation,  lEtnd  we  can  only  say  that  we  are  delighted 
that  he  is  so  rash  a  man. 

This  Annual  Dinner  is  a^  great  occasion  for  the  Institution  ot 
Mining  and  Metallurgy  because  it  gives  an  opportunity  to  ooX 
members  to  meet  and  make  themselves  better  known  to  tho8^ 
whom  they  serve  and  who  are  so  dependent  on  them,  and  upo^^ 
many  of  whom  they  in  their  turn  are  dependent.   Even  we  ourselva^ 
are  apt  to  forget  what  an  important  and  world-wide  profession  w^^ 
are.    No  harm  will  be  done  if  on  this  occasion  I  remind  you  wh^^ 
we  are  and  what  we  are  doing. 

I  must  not  steal  the  thunder  of  your  President-Elect  who  wil — 
shortly  be  indulging  in  the  pleasurable  task  of  welcoming  oui^ 
guests,  but  I  cannot  resist  the  temptation — ^indeed,  I  should  b^ 
failing  in  my  duty — if  I  did  not  say  how  delighted  we  are  to  hav^ 
so  many  distinguished  friends  with  us  and  also  so  many  member^ 
and  friends  from  overseas. 

We  are  a  comparatively  small  society,  our  members  number^ 
only  2,200,  and  more  than  half  of  them  are  scattered  about  th 
world  in  seventy  different  countries.     Though  few  in  numbers 
great  responsibility  rests  on  our  profession.    We  are  charged  with— 
the  great  task  of  maintaining  the  supply  of  metals  and  minerals  - 
in  the  quantity  and  form  that  they  are  required  by  innumerable 
industries    and    individuals.      These    metals    and    minerals    are 
indispensable  raw  materials  and  they  must  continue  to  be  made 
available  despite  the  wastage  of  resources  or  the  difficulties  of 
working,  extraction  and  refimng. 

Bather  than  speak  of  the  Institution  as  a  body  or  profession  I 
would  like  this  evening  to  speak  of  the  individual  members,  for  all 
the  qualities,  status,  attainments  and  shortcomings  of  our 
Institution  are  in  fact  those  of  oiu:  members. 

The  first  thing  about  our  members  is  the  variety  of  their  skill 
and  knowledge,  defying  classification.  I  find  this  gives  me  great 
pleasure,  for  I  must  say  that  instinctively  I  object  to  classifications 
and  designations,  I  suppose  because  they  tend  to  submerge 
individuality.  This  individuality  is  a  very  characteristic  feature ; 
for  we  are  frequently  called  upon  to  form  opinions  when  the  only 
evidence  available  is  distinctly  slender.  Personal  opinion  can 
become  a  highly  developed  art.  It  may  vary  from  intelligent 
guesswork  to  scientific  reasoning  sometimes  giving  to  the  uninitiated 
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the  appecurance  of  uncanny  intuition  or  almost  second  sight. 
Probably  without  realizing  it  this  quaUty  becomes  highly  developed 
by  continually  probing  the  unknown  and  unexpected.  For  the 
composition  of  the  earth's  crust  and  the  properties  of  metals  and 
minerals  are  for  ever  springing  surprises  and  sometimes  seem  to 
disobey  our  rules  for  the  game. 

Our  members  include  mining  engineers,  geologists  and  metal- 
lurgists and  each  of  these  branches  covers  a  wide  variety  and  they 
merge  into  one  another.  Frequently  an  engineer  in  charge  of  a  small 
mine  is  called  upon  to  cover  all  branches  of  the  profession  and  be 
like  the  captain  of  a  ship,  a  law  unto  himself  and  his  own  doctor, 
electrician  and  accountant  as  well. 

Further,  it  is  just  because  this  wide  variety  amongst  our  members 
is  still  not  wide  enough  that  we  have  just  taken  a  most  important 
step  in  our  history  by  opening  our  doors  of  membership  stiU  wider 
and  creating  a  new  class  of  Affiliates  for  members  of  other  professions 
— such  as  mechanical  and  electrical  engineers  and  doctors — whose 
work  is  intimately  connected  with  and  essential  to  the  mining  and 
metallurgical  industries.  Here  I  would  say  in  anticipation  of  the 
many  appHcations  I  am  sure  we  shall  receive  for  AffiUateship  that 
we  shall  welcome  you  and  we  need  you  and  we  have  sometlung  to 
give  that  you  need.  This  part  of  my  remarks  is  a  recruiting  speech 
for  which  I  make  no  apology  and  I  hope  all  members  will  follow 
my  example  and  help  to  swell  the  Affiliate  class.  Perhaps  some  of 
you  who  are  here  as  guests  tonight  are  quahfied  to  join ;  if  so  my 
welcome  is  direct  and  to  you  personally.  The  application  forms 
are  now  ready. 

The  next  thing  about  our  members  is  the  high  standard  of 
integrity  which  tradition  imbues  and  our  profession  demands.  By 
the  nature  of  our  work  this  is  essential  for  we  may  make  discoveries 
both  good  or  bad  which  can  be  of  great  financial  import,  or  we  may 
be  called  upon  to  form  an  opinion  on  a  proposal  involving  large 
expenditure  and  considerable  risks. 

We  claim  no  monopoly  in  professional  integrity,  for  happily  it 
is  common  to  members  of  other  technical  societies,  so  many  of 
whose  representatives  we  are  pleased  to  have  with  us  this  evening. 

I  suppose  when  we  do  manage  to  find  time  to  reflect  on  our 
problems,  our  profession  or  our  industry,  we  tend  to  look  forward 
and  try  and  peer  into  the  future,  which  is  most  necessary  and 
desirable.  In  this  profitable  exercise  of  our  imagination,  however, 
we  are  apt  to  forget  the  past  and  underestimate  the  value  of  the 
experience  of  our  predecessors. 

For  this  reason  and  also  for  personal  reasons  I  am  going  to  try 
and  give  you  a  glimpse  of  a  mining  engineer  100  to  150  years  ago. 
Early  in  1799  my  great-grandfather,  John  Taylor,  at  the  age  of  19, 
and  after  an  early  training  in  land  surveying  in  Norfolk,  was  given 
charge  of  the  Wheal  Friendship  mine  near  Tavistock.  His 
employers  started  him  at  a  salary  of  £100  a  year  and  in  a  letter 
dated  18th  April,  1799,  he  says :   *  I  thanked  them  for  this  un- 
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commonly  handsome  allowance  and  expressed  the  wish  and  hope 
that  my  services  might  be  of  the  value  to  them  they  ought  to 
expect  *. 

He  was  appointed  superintendent  with  the  special  object  of 
reforming  abnses  which  had  crept  into  the  administration.  One 
who  knew  him  intimately  wrote :  '  His  judgement,  uprig^tnoBS 
and  firm  but  considerate  management  of  the  men  under  his  charge 
soon  achieved  success  *.  Within  a  few  years  he  was  entrusted 
with  the  conduct  of  many  other  mining  enterprises  in  Cornwall, 
Wales  and  the  north  of  England. 

In  1808  he  was  faced  with  a  transport  problem  and  solved  it  by 
constructing  a  canal  5  miles  long  from  Tavistock  to  the  rivet 
Tamar,  including  a  2-mile  tunnel  through  Morwelham  Down.    Tb^ 
work  took  18  years  to  complete.    The  ore  from  the  mine  was  take»^ 
by  barge  along  the  canal  to  the  works  and  the  project  was  a  gre^^ 
success. 

A  few  years  later  he  solved  another  transport  problem  b^ 
organizing  and  constructing  the  Bedruth  and  Chacewater  Bailwa^ 
which  operated  successfully  for  55  years. 

In  1812  he  came  to  London  as  the  best  place  to  control  his  man^ 
interests,  which  by  then  extended  to  chemical  manufacture  an^ 
the  technical  societies  in  addition  to  the  management  of  mines. 

In  1810  he  was  awarded  the  silver  medal  of  the  Eoyal  Society  o  -^ 
Arts  for  a  paper  entitled. '  Method  of  ventilating  mines  or  hospitals^  - 
by  extracting  foul  air  from  them  '. 

In  1815  he  was  granted  a  patent  for  a  process  for  producing 
*  inflammable  air  or  defiant  gas  applicable  to  the  process  of  giving 
light '  from  oil,  fat,  bitumen  or  resin.  A  plant  was  installed  anc:^ 
the  gas  was  used  to  illuminate  the  Covent  Garden  Opera  House. 

In  1816  he  became  Treasurer  of  the  Geological  Society  and  hel(& 
that  office  for  27  years. 

In  1824  he  undertook  the  formation  of  a  company  to  work  th^ 
silver  mines  of  Real  del  Monte  in  Mexico  and  was  thus  one  of  thc^ 
first  mining  engineers  to  direct  overseas  mining  enterprises  froniP- 
a  London  office. 

His  main  problems  in  this  case  were  heavy  water,  for  which  he 
ordered  and  shipped  a  large  Cornish  pumping  plant  from  Hayle, 
and  the  length  of  time  letters  took  which  made  distant  management 
through  agents  most  difficult. 

About  this  time  there  was  much  speculation  in  various  joint 
stock  enterprises  including  foreign  mining.  In  1825  he  made  the 
following  pronouncement :  *  My  inference  from  the  whole  is  that 
mining  is  neither,  as  the  public  seem  to  think  a  few  months  since, 
a  certain  source  of  immeasurable  wealth,  to  be  obtained  by  everyone 
who  was  lucky  enough  to  get  a  share  in  any  mine,  in  any  place, 
and  \mder  any  kind  of  management,  nor  is  mining,  as  it  seems  now 
the  fashion  to  designate  it,  all  a  bubble,  cheat  and  delusion.  I 
maintain  that  British  capital  may  be  applied  to  it  with  fair  chance 
of  competent  profit,  if  the  means  properly  adapted  to  the  end  be 
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used  and  steadily  continued  '. 

In  all  he  had  the  control  and  management  of  some  92  mines. 

He  was  always  ready  to  assist  any  project  that  had  for  its 
object  the  advancement  of  learning.  He  was  a  Fellow  of  the 
Eoyal  Society,  a  founder  member  of  the  British  Association,  one 
of  the  founders  of  the  London  University,  a  member  of  the  Boyal 
Society  of  Arts  and  of  the  Institution  of  Civil  Engineers. 

In  1825  he  wrote  a  prospectus  for  the  establishment  of  a  School 
of  Mines  giving  detailed  plans  for  its  curriculum,  government  and 
maintenance.  In  it  he  says  :  '  The  mines  of  distant  countries  are 
passing  into  the  hands  of  English  possessors,  and  they  must  rely 
more  or  less  for  their  success  upon  the  talents  of  the  agents  they 
employ.  A  School  of  Mines  will  not  only  be  the  means  of  instructing 
such  agents,  but  it  will  be  a  place  where  character  will  be  developed, 
and,  as  it  were,  put  upon  record  *.  — Apropos  my  earlier  remarks 
about  members  of  our  profession  he  says  :  '  Miners  in  general  are 
a  superior  class  of  men,  and,  in  the  deep  mines  particularly,  the 
constant  exercise  of  judgement  and  thought  which  is  necessary 
produces  a  proportionate  degree  of  intelligence '.  But  he  was 
ahead  of  his  time  and  the  proposal  for  a  School  of  Mines  did  not 
meet  with  encouragement. 

However,  he  trained  his  two  sons  in  the  latest  mining  and 
metallurgical  practices,  sending  them  to  Germany  and  elsewhere. 
In  due  course  they  joined  him  in  his  business  which  thus  became 
known  as  John  Taylor  &  Sons. 

In  all  there  have  been  13  members  of  the  family  in  the  firm 
extending  over  5  generations  in  150  years. 

I  hope  this  brief  reference  to  John  Taylor  will  serve  as  a  tribute 
to  one  who  can  claim  to  be  one  of  the  founders  of  our  profession 
and  at  the  same  time  stimulate  a  study  of  the  work  and  wisdom 
of  our  predecessors.  Such  a  study  will  prove  profitable  as  an 
inspiration  and  encouragement  in  tackling  our '  present-day 
problems  and  in  framing  our  future  policies. 

One  of  the  activities  of  John  Taylor  that  I  mentioned  was  the 
direction  of  overseas  mining  ventures  from  London. 

It  would  make  a  fascinating  study  to  trace  the  development  of 
he  City  of  London's  overseas  mining  activities  from  1824  onwards. 
For  50  years  or  more  mining  companies  have  held  a  prominent 
position  in  the  City.  But  to-day  it  seems,  with  growing  nationalism 
everywhere,  the  unique  facilities  of  the  City  of  London,  which 
make  it  the  best  place  from  which  to  direct  the  complex,  world-wide 
overseas  mining  and  metallurgical  industry,  are  too  highly  priced. 
Through  the  medium  of  excessive  taxation  this  country  is  demand- 
ing too  high  a  fee  for  the  service  it  renders  to  overseas  industries. 
In  consequence  the  City  is  losing  and  will  continue  to  lose  valuaore 
business.  The  direct  and  indirect  benefits  which  this  country 
derives  from  the  overseas  mining  industry  are  not  fully  appreciated 
in  some  quarters.  Our  overseas  mining  interests  are  a  valuable 
national  asset  that  should  not  lightly  be  cast  away.    It  is  true  that 
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after  patient  efforts  some  measure  of  relief  has  been  granted,  but 
it  is  not  enough,  and  a  much  more  realistic  attitude  is  required 
towards  the  taxation  of  the  overseas  mining  and  metallurgicftl 
industry  if  the  City  is  to  retain  its  position  as  the  best  place  for 
directing  overseas  mining  activities. 

I  am  permitted  on  this  occasion  to  express  my  own  personal 
views  on  topical  and  even  controversial  subjects  and  so  will  take 
the  risk  of  treading  on  dangerous  ground  and  say  a  word  or  two 
about  the  price  of  gold. 

I  am  well  aware  of  the  important  economic  and  political  influences 
surrounding  this  question  about  which  I  am  not  competent  to 
speak.  However,  the  production  and  sale  of  gold  goes  on  from 
day  to  day  and  in  consequence  vast  sums  of  money  are  put  into 
circulation  and  thereby  purchasing  power  and  deipand  are  created 
and  stimulated. 

I  may  be  wrong,  but  it  seems  to  me  it  is  a  good  thing  to  sustain, 
this  source  of  purchasing  power  and  that  it  would  be  a  bad  t^ 
if  this  flow  of  new  wealth  dried  up. 

Over  the  ages  the  price  of  gold  has  tended  to  rise  along  with  th( 
cost  of  living  and  it  seems  to  me  that  it  is  about  time  the  price  o; 
gold  was  allowed  to  rise  again.  The  benefits  that  would  arise 
from  an  increase  in  the  flow  of  new  wealth  by  reason  of  a 
rise  in  gold  price  would,  I  should  have  thought,  outweigh  the 
objections. 

I  should  like  now  to  refer  to  India  for  two  reasons  ;  in  the  first 
place  I  have  had  a  long  and  close  association  with  India  and, 
secondly,  the  happy  outcome  of  the  recent  conference  of  Common- 
wealth Prime  Ministers  is  fresh  in  our  minds.  Many  of  our  members 
have  played  their  part  in  the  development  of  the  mineral  resources 
of  India  and  we  have  some  100  members  in  India,  including  80 
Indian  members,  so  we  are  directly  interested  in  that  great  country. 
Our  members  have  ties  of  friendship  arising  from  common  endeavour 
and  many  others  from  this  country  have  had  close  association  with 
India,  Pakistan  and  Ceylon,  whether  it  be  through  Government 
service  both  administrative  and  military  or  by  professional  and 
business  work.  There  exists  a  bond  of  friendship  between  many 
individuals  and  there  is  a  traditional  and  national  friendship. 
These  deep  feelings  spring  from  the  fact  that  we  have  helped  one 
another  in  good  times  and  in  ill. 

We  therefore  welcome  the  clear  recognition  by  the  conference 
that  these  deep  feelings  of  friendship  exist  and  will  continue. 

Before  closing  I  must  express  the  thanks  of  the  Institution  to 
the  Nufl&eld  Foundation  and  through  the  foundation  to  Lord 
Nuffield,  to  Messrs.  Capper  Pass  and  to  the  Mond  Nickel  Company 
for  their  generous  and  far-sighted  help  and  encouragement  in  the 
training  of  metallurgists  by  means  of  Scholarships  and  Fellowships. 
I  feel  sure  they  must  all  derive  much  satisfaction  from  the  success 
of  the  scheme. 

I  am  very  pleased  to  announce  that  the  Council  of  the  Institution 
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has  shown  its  deep  appreciation  of  Lord  NufiGleld's  part  in  this 
yaloable  work  by  conferring  upon  him  Honorary  Membership  of 
the  Institution. 

*  Our  Guests  * 

Mr.  W.  A.  C.  Newman  (President-Elect),  in  proposing  the 
health  of  '  The  Guests  ',  said :  This  time-honoured  toast  is  drunk 
with  equal  zest  whether  in  a  small  company  of  two  or  three  or  at 
an  annual  festival  such  as  the  present.  As  the  President  has  said, 
the  company  numbers  many  important  guests  covering  a  wide  field 
of  interests  with  which  the  Institution  is  directly  or  indirectly 
concerned.  Their  presence  emphasizes  the  convergence  of  such 
interests  and  their  interdependence,  which  becomes  more  pro- 
nounced as  the  days  go  by. 

It  is  impossible  for  me  to  mention  every  guest  by  name  as  I 
would  like  to  do,  and  to  describe  the  part  which  each  plays  in  the 
public,  industrial  or  academic  life  of  this  country,  and  I  ask 
indulgence  for  any  errors  of  omission.  I  feel  sure  our  other  guests 
will  not  misunderstand  me  if  I  refer  to  Sir  John  Anderson  and  Sir 
CUve  Baillieu  as  our  principal  guests  this  evening. 

Sijr  John  Anderson  was  at  one  time  a  distinguished  Civil  Servant, 
being  Permanent  Secretary  at  the  Home  Office.  Subsequently  he 
became  Governor  of  Bengal,  and  then  assumed  very  high  offices  in 
the  Government  at  home,  finally  becoming  Chancellor  of  the 
Exchequer.  Throughout  his  life  and  especially  during  the  war  years, 
aided  by  his  wide  knowledge  of  men  and  affairs,  which  included 
not  a  little  of  the  scientific  outlook,  he  has  contributed  greatly  to 
the  welfare  of  this  country. 

British  parliamentary  institutions  are  respected  and  envied 
throughout  the  world,  and  it  was  hoped  to  have  a  fuller  representa- 
tion of  both  Houses  of  the  Legislature  present  this  evening. 
Unfortunately,  Lord  McGowan  and  Mr.  Oliver  Lyttleton  i^ere  not 
able  to  be  with  us,  but  we  are  very  glad  to  see  Viscount  Falmouth, 
who  is  Chairman  of  the  Governing  Body  of  the  Imperial  College  of 
which  the  Boyal  School  of  Mines  is  an  integral  part. 

There  are  present  a  large  number  of  chairmen  and  directors  of 
mining  companies  in  the  City  of  London  that,  collectively,  have 
mining  and  metallurgical  interests  covering  the  whole  face  of  the 
earth.  We  are  glad  to  learn  from  time  to  time  that  the  work  of  the 
Institution  has  found  favour  with  the  mining  community,  and  that 
they  look  with  confidence  upon  the  hallmark  of  qualification  which 
membership  of  this  Institution  confers  on  those  who  receive  it. 

It  is  very  rare  on  an  occasion  Hke  this  that  the  Fighting  Services 
are  not  directly  represented,  but  we  are  in  that  unhappy  position 
this  evening.  But  the  circumstance  brings  into  relief  the  fact 
that  the  other  Service — the  Civil  Service — is  represented  by  many 
distinguished  members.  I  have  already  referred  to  Sir  John 
Anderson  in  his  role  of  Civil  Servant.  We  are  glad  to  welcome  too. 
Sir  Ben  Lockspeiser,  Secretary  of  the  Department  of  Scientific  and 
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Industrial  Besearoh,  Mr.  D.  J.  Wardley,  Deputy  Master  of  the 
Boyal  Mint,  Mr.  A.  M.  Bryan,  Chief  Inispeotor  of  Mines,  and  Dr. 
W.  F.  P.  McLintock,  Director  of  the  Geological  Snryey  of  Great 
Britain.  Others  whom  we  welcome  most  cordially  are  Sir  Charles 
Goodeve,  Director  of  the  British  Iron  and  Steel  Besearch  Associa- 
tion, and  Mr.  G.  L.  Bailey,  Director  of  the  Non-Ferrons  Metals 
BescMTch  Association. 

The  Dominions  and  Colonies  are  represented  by  the  Acting  Hi^ 
Commissioner  for  Southern  Bhodesia,  the  Deputy  High  Com- 
missioner for  the  Union  of  South  Africa,  and  the  Supply  Com- 
missioner for  Pakistan.  We  are  pleased  to  have  among  us  also 
Sir  John  Calder,  Senior  Crown  Agent  for  the  Colonies. 

We  are  very  appreciative  of  the  presence  of  the  Presidents  of 
nine  sister  Societies  headed  by  the  Boyal  Society,  indicating,  I 
think,  the  increasingly  close  relationship  which  exists  between 
them  and  us  in  our  professional  activities.  It  is  an  interesting  fact 
that  among  the  nine  Presidents,  three  are  also  members  of  the 
Council  of  the  Institution. 

The  President  has  already  mentioned  the  debt  which  is  owing  to 
certain  bodies — the  Nuffield  Foundation,  the  Mond  Nickel  Co. 
and  Messrs.  Capper  Pass  and  Sons — for  the  generous  donatipn  of 
large  funds  in  the  administration  of  which  the  Institution  ha^ 
recently  participated. 

These  funds  are  to  be  applied  for  the  advancement  of  vacationaK- 
and  post-graduate  experience  in  metallurgical  fields  both  here  and. 
abroad  and  for  the  stimulation  of  papers  on  plant  and  processes 
used  in  extraction  metallurgy  and  in  the  fabrication  industries. 

Unfortunately  Sir  William  Griffiths,  the  Chairman  of  the  Mond 
Nickel  Company,  is  unable  to  be  present,  but  Mr.  Farrer-Brown,. 
Secretary  of*  the  Nuffield  Foundation  and  his  colleague,  Maj.-Gen. 
Bullen-Smith,  and  Col.  Sir  Paul  Gueterbock,  Managing  Director 
of  Messrs.  Capper  Pass  <fe  Sons,  by  accepting  our  invitation  have 
given  us  the  opportunity  to  express  to  them  personally  our  thanka 
for  the  extreme  generosity  of  their  respective  corporations. 

I  should  like  to  mention  two  other  guests  individually  ;  Dr.  C.  H. 
Desch,  who  might  be  termed  the  doyen  of  physical  metallurgy  in 
this  country,  is  to  deliver  the. Sir  Julius  Wernher  Memorial  Lecture 
to  the  Institution  in  July  next :  Col.  W.  French,  who  as  Superin- 
tendent of  Technology  of  the  City  and  Guilds  of  London  Institute 
has  for  many  years  organized  a  unique  system  of  examinations  in 
a  great  variety  of  technological  subjects,  which  have  had  a  great 
influence  on  the  standard  of  the  teaching  of  those  subjects  in  the 
schools  and  technical  colleges  of  this  country.  Col.  French,  I  under- 
stand, is  shortly  retiring  from  his  arduous  office,  and  we  wish  him 
well  in  his  retirement. 

There  remains  only  for  me  to  mention  the  gentlemen  of  the 
Press — on  whose  good  offices  we  depend  for  publicity  and  the 
faithful  recording  of  our  activities — and  the  guests  of  members  of  the 
Institution,  all  of  whom,  no  less  than  the  guests  I  have  mentioned. 
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we  welcome  most  heartily. 

With  great  pleasure  I  associate  this  toast  with  the  name  of 
Sir  CUve  Baillien — a  man  of  many  parts  and  wide  sympathies, 
a  great  Britisher,  a  wise  and  shrewd  indnstrialist.  He  is  Chairman  of 
the  Donlop  Bnbber  Co.,  and  has  many  important  banking  and 
commercial  interests.  For  two  years  he  has  been  President  of  the 
Federation  of  British  Industries  and  has  been  at  the  head  of  two 
missions  in  Washington  which  dealt  with  the  purchase  of  war  and 
other  materials  during  the  recent  conflict.  But  it  is  rather  in 
connection  with  our  own  industries  that  we  know  him  best.  As 
chairman  of  the  Central  Mining  and  Investment  Corporation  and 
as  a  director  of  the  Zinc  Corporation  and  the  Imperial  Smelting 
Corporation  he  has  done  yeoman  service.  Members  of  the  Institution 
recall  with  great  gratification  that  it  is  just  20  years  ago  almost  to 
the  day  that  Sir  Clive's  father,  the  Hon.  W.  L.  Baillieu,  a  pioneer 
in  the  development  of  those  great  mines  in  the  Broken  Hill  area, 
and  of  their  associated  smelting  companies,  a  dominant  and  much- 
beloved  personality,  was  asked  jointly  with  Mr.  W.  S.  Eobinson 
to  accept  the  Gold  Medal  of  the  Institution,  the  highest  award  in 
its  power  to  give.  It  is  a  great  delight  to  us  all  that  we  should  be 
honoured  this  evening  by  the  presence  of  such  a  worthy  and 
distinguished  son  of  such  a  worthy  and  distinguished  father. 

Sir  Clive  Baillieu,  in  acknowledging  the  toast,  said :  I  recall 
that  it  was  Dr.  Johnson  himself  who  once  said  that  when  a  man  is 
invited  to  dinner  he  is  disappointed  if  he  doesn't  get  something 
good.  I  can  assure  our  very  generous  hosts  tonight  that  their 
guests  are  suffering  from  no  sense  of  disappointment.  Both  fare 
and  company  have  been  excellent  and  well  up  to  the  traditional 
standards  of  this  annual  function  which  attracts  so  much  interest, 
and  such  a  distinguished  company. 

I  suppose,  following  a  rather  conventional  form,  I  should  start 
by  apologizing  for  finding  myself  honoured  with  the  response  to 
the  toast  of  *  the  Guests  \  1  have  the  feeling,  however,  that  if  any 
apology  is  needed  it  should  be  made  by  these  who  reposed  this  task 
in  me.  It  was  Lord  Beaconsfield,  in  his  role  as  author,  who  made 
one  of  his  characters  that  had  dined  well  and  in  goodly  company 
say  :  *  I  feel  a  very  unusual  sensation  ;  if  it  is  not  indigestion  I 
think  it  must  be  gratitude  \  We  are  very  grateful  to  you  Mr. 
President  for  your  hospitality  this  evening,  and  my  fellow  guests, 
with  myself,  are  equally  grateful  to  the  President-Elect  for  the 
warmth  of  his  reference  to  the  many  guests  here  this  evening.  He 
has  spoken  of  my  father.  In  some  sense,  perhaps,  I  may  claim 
to  have  been  born  in  *  the  purple  \  for,  from  my  earliest  years, 
through  family  asBOciations,  I  found  myself  in  close  contact  with 
the  personalities  and  problems  of  the  industry  you  serve.  I  recall 
with  special  pride  the  fact  that  my  father  and  my  life-long  colleague 
and  friend,  Mr.  W.  S.  Robinson,  were  recipients  of  the  Gold  Medal 
of  this  Institution.  Nothing,  I  may  say,  in  their  careers — which 
were  devoted  to  the  building  and  strengthening  of  the  non-ferrous 
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industry  thronghout  the  Empire — afforded  them  gireater  gratifiea- 
tion  than  this  high  honour. 

I  am  left  with  certain  broad  impressions,  after  listening  to  the 
speeches  of  Sir  John  and  of  your  I^ident.  The  members  of  this 
and  kindred  Institutions  are  the  natural  frontiersmen  of  industry, 
and  the  spearhead  of  civilized  man's  continuous  efforts  to  widen 
the  geographical  bounds  and  to  develop  the  mineral  resources  of 
this  planet  of  ours.  Your  work  naturally  involves  the  taking  of 
risks,  and  with  the  risks  you  take  go  the  complementary  financial 
risks  involved  in  the  exploration  and  development  of  great  mineral 
resources.  The  special  position  which  the  City  of  London  has 
achieved  in  relation  to  world  mining  enterprise  is  a  reflection  of  the 
success  which  has  attended  our  joint  efforts.  It  is  my  duty  and 
privilege  to  sit  on  the  Boards  of  certain  mining  enterprises,  and 
there  I  do  not  see  any  lack  of  the  initiative,  any  lack  of  tiie  courage 
or  desire  to  move  ahead  and  to  open  new  fields.  Such  ambitioDfl 
which  were  characteristic  of  our  part  stiU  move  us  to-day  ;  they  are 
there,  working  and  waiting  for  their  opportunity.  Taxation,  of 
course,  places  a  restraining  hand  on  these  activities,  but  the  spirit 
which  underlies  and  animates  those  controlling  or  working  in  great 
mining  enterprises  to-day  is  very  similar  to  that  which  inspired  our 
forebears.  This  attitude  and  approach  to  mining  problems  is 
reflected  in  the  lines  of  an  English  poet  well  loved  by  my  own 
countrymen : 

No  game  was  ever  yet  worth  a  rap 
For  a  rational  man  to  play, 
In  which  no  accident,  no  mishap. 
Could  possibly  find  its  way. 

Sir  John  and  the  President  have  made  reference  to  the  price  of 
gold.  This  is  a  matter  of  more  than  passing  interest  to  many 
who  attend  this  Dinner  this  evening.  May  I  express  the  hope  that 
if  in  the  course  of  time  and  the  permutations  of  politics,  Sir  John 
again  finds  himself  where  his  successor  is  to-day  he  will  not  forget 
the  word  of  the  President. 

The  President  referred  to  the  great  variety  and  integrity  of  the 
members  of  this  Institution,  and  he  gave  us  a  most  interesting 
account  of  the  career  of  one  of  its  great  pioneers,  his  distinguished 
ancestor  who  played  a  unique  role  in  the  early  days  of  mining 
enterprise  in  this  country  and  in  the  Empire. 

It  is  well  for  us  to  study  the  past,  for  the  past  is  so  often  prologue. 

We  are  so  apt  to  forget  the  lessons  of  the  past,  even  those  of  the 
very  immediate  past.  The  President-Elect,  in  proposing  the  health 
of  the  guests  this  evening,  alluded  to  my  duties  in  Washington 
during  the  war.  Amongst  other  things  I  then  had  the  job,  on  the 
Eaw  Materials  Board,  of  harnessing  the  combined  mineral  resources 
of  the  allies  for  the  purposes  of  war.  One  of  the  greatest  difficulties 
which  my  American  colleague,  Mr.  WiUiam  Batt,  and  I  faced,  was 
to  secure  an  intelligible  balance  sheet  of  our  resources  and 
requirements.     Without  such  a  balance  sheet  we  found  great 
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ifficulty  in  doing  anything  like  a  workmanlike  job.  In  the  course, 
owever,  of  two  or  three  years  techniques  were  developed  and  a 
ide  mass  of  information  and  knowledge  obtained  that  was 
str^mely  useful,  and  it  is  fair  to  say  that  before  the  end  of  the 
ar  this  particular  job  was  ticking  over  reasonably  well.  Following 
le  end  of  the  war,  however,  the  machinery  so  patiently  erected 
as  dismantled  and  the  personnel  dispersed.  Perhaps  this  may 
Eive  been  inevitable,  and  I  know  that  efforts  have  been,  and  are 
Bing,  made  to  keep  some  of  the  work  then  started  moving  ahead, 
id  that  a  lot  of  information  is  being  collected  and  collated  in 
arious  quarters.  I  wonder,  however,  whether  this  is  being  done 
L  a  form  that  is  entirely  adequate,  both  for  current  needs  and  for 
Dssible  future  requirements  should  we  ever  again  find  ourselves 
Lvolved  in  a  major  crisis.  At  this  stage  I  would  enter  a  plea  that 
le  matter  should  be  brought  under  review  and  that  we  should 
Dnsider  whether  or  not  we  are  doing  all  we  should  to  maintain, 
I  an  up-to-date  form,  an  inventory  of  the  vital  mineral  resources 
f  the  British  Empire  which  would,  of  course,  include  some  of  those 
i,rer  metals  and  minerals  which  are  of  such  vital  importance  to 
ur  industrial  growth  and  our  national  security. 

In  this  Institution  and  in  kindred  bodies  there  exists  a  unique 
3serve  of  technical  and  professional  knowledge  which  can  continue 
0  increase  the  vital  mineral  resources  of  the  British  Conmionwealth. 

In  conclusion,  may  I  say  just  a  word  about  the  Fourth  Empire 
lining  and  Metallurgical  Congress  to  be  held  in  this  country  in 
uly.  I  happen  to  be  a  working  member  of  the  Organizing 
Committee  of  that  Congress.  This  Committee  has  been  living 
iborious  days  and  scorning  delights  in  planning  and  preparing  for 
bis  Congress.  We  will  assemble  in  the  early  days  of  July  in 
lOndon  and,  after  the  initial  receptions — including,  we  hope,  what 
rill  prove  to  be  a  very  successful  Banquet  at  the  Guildhall — we 
ball  proceed  to  Oxford  for  a  week,  where  the  technical  sessions  will 
e  held.  Then  the  Congress  will  break  up  into  a  number  of  parties 
nd  will  make  a  series  of  visits  to  different  parts  of  the  country^ 
'he  technical  sessions  will  cover  a  wide  range  of  subjects,  and  we 
elieve  will  arouse  considerable  professional  and  technical  interest. 
Ve  are  hoping  that  all  our  friends,  who  are  coming  to  us  from 
verseas,  will  enjoy  themselves.  A  very  warm  welcome  awaits 
bem  and,  as  a  member  of  the  Organizing  Committee,  I  would  take 
bis  opportunity  of  thanking  all  those  who,  in  response  to  my  appeal 
s  Treasurer,  have  come  forward  so  generously  to  meet  our  needs. 


The   Institution  as  a  body  is  not  responsible  for  the  statements  made  or  opinions 

expressed  in  any  of  its  publications. 

THE  INSTITUTION  OF  MINING  AND  METALLURGY 

7th  ORDINARY  GENERAL  MEETING  of  the  68th  SESSION 
held  in  the  rooms  of  the  Geological  Society  of  London,  Burlington 
Souse,  Piccadilly,  London,  W.  1,  on  Thursday,  2l8t  April,  1949. 

Mr.  S.  E.  Taylor,  President,  in  the  Chair 

RESUMED  DISCUSSION  ON 

Geophysics  and  Economic  Geolo^ 

By  J.  McG.  Bruckshaw,  Ph.D.,  M.Sc.,  D.I.C. 

The  President  said  that  as  several  members  had  been  unable  to 
^peak  at  the  previous  General  Meeting,  it  bad  been  decided  to 
^^sume  the  discussion  on  Dr.  Bruckshaw's  paper. 

Mr.  G.  F.  Laycock  said  that  at  the  last  Meeting  there  was  such 
galaxy  of  geophysical  and  geological  talent  present — ^all  wishing 
take  part  in  the  discussion — that  the  mere  miner,  with  one 
x^otable  exception,  scarcely  got  an  opportunity  to  put  his  views 
forward.    It  seemed  to  him  that  those  mining  men  who  had  had 
Experience  with  geophysical  methods  in  the  field  could  perhaps 
t;ake  a  more  balanced  and  reasonable  view  of  that  highly  technical 
Subject.    The  only  mining  engineer  who  had  taken  part  in  the  dis- 
cussion previously  was  Mr.  McPherson  whose  experience  with 
geophysical  work  had  evidently  been  so  unfortunate  that  his  views 
^were  very  much  biased,  and  as  a  result  he  allowed  his  prejudices  to 
run  away  with  him.    It  was  perhaps  hardly  the  time  or  place  to 
cross  swords  with  him,  as  no  doubt  Dr.  Bruckshaw  would  deal  with 
the  criticisms  in  his  reply  to  the  discussion.    There  were,  however, 
a  few  comments  he  would  like  to  make,  particularly  as  he  did  not 
want  their  younger  members  to  get  the  idea  that  in  the  study  of 
geophysics  they  were  wasting  their  time  and  that  they  need  not 
bother  any  more  about  it. 

It  was  absurd  to  say  (as  had  been  said  during  the  discussion) 
that  the  mineral  deposits  so  far  discovered  in  the  world  by  geo- 
physical methods  could  be  counted  on  the  fingers  of  one  hand. 
They  had  perhaps  not  been  as  numerous  as  some  people  expected 
or  could  have  wished,  but  there  had  been  quite  a  lot  of  discoveries 
made  and  some  of  them  had  been  of  major  importance.  It  was 
also  useless  to  say  that  those  discoveries  which  had  been  made  would 
have  been  made  anyway  in  the  course  of  time  by  ordinary  prospect- 
ing methods  ;  that  was  one  of  those  loose  statements  which  could 
never  be  proved  or  disproved.  The  fact  was  that  they  were  not 
discovered  by  ordinary  methods  and  geophysics  was  entitled  to 
full  credit  for  them. 

Every  now  and  then,  when  hope  of  hearing  of  further  discoveries 
by  geophysical  methods  had  almost  been  given  up,  some  spectacular 
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discovery  became  known  which  strengthened  one's  faith  again.  He 
was  thinking  of  the  more  or  less  ceoent  discovery  of  what  appeared 
to  be  an  important  orebody  at  O'Okiep  in  the  Cape  Province.  There, 
he  understood,  a  new  orebody  lying  several  hundred  feet  below  the 
surface  had  been  located  entirely  by  geophysical  methods  and 
that  had  been  fully  confirmed  by  diamond  drilling.  That  orebody 
was  some  distance  away  from  the  other  known  ore  deposits  in  that 
area.  As  was  well  known,  mining  had  been  carried  on  in  that 
district  for  the  past  50  years  or  more,  so  apparently  ordinary 
prospecting  methods  had  not  been  effective  as  no-one  had  any 
inklmg  of  the  presence  of  the  new  orebody  until  geophysical 
methods  were  employed. 

In  the  last  copy  of  The  Northern  Miner  which  he  had  received  a 
few  days  ago  he  noticed  that  there  were  nineteen  diamond  drills  at 
work  on  geophysical  anomalies  in  the  Flin  Flon  district  of  Manitoba 
at  the  present  time.  They  evidently  had  considerable  faith  in  geo- 
physics there  and  thought  the  expenditure  fully  justified  as  a  result 
of  important  discoveries  which  had  been  made  in  that  district 
in  the  past  by  those  methods. 

The  speaker  said  he  made  no  claim  to  be  a  geologist  or  a 
geophysicist ;  his  interest  in  the  subject  had  been  entirely  as  an 
observer  from  the  side-lines.  He  had  merely  watched  the  other 
fellows  doing  the  work  and  had  benefited  very  much  by  their 
results  when  they  had  been  successful,  or  had  tried  to  justify  the 
heavy  expenditure  involved  when  the  results  had  been  negative — 
as  unfortunately  they  often  were. 

He  was  somewhat  disappointed  that  the  author  did  not  go  into 
rather  more  detail  in  some  respects  but  the  paper  had  nevertheless 
given  him  a  great  deal  of  useful  information  and  gave  everybody 
an  opportunity  of  asking  questions.  He  was  sorry  the  author 
appeared  to  disparage  the  metalliferous  mining  industry  as  com- 
pared with  the  oil  industry  in  the  matter  of  geophysical  prospecting. 
It  was  quite  true  that  in  the  search  for  metalliferous  orebodies 
operations  were  not  on  the  same  huge  scale  as  those  employed  by 
the  oil  companies  but  they  were  quite  considerable,  and  although 
what  the  author  called  *  spectacular  results  '  might  be  rather  rare 
they  were  of  very  great  importance  when  they  did  occur  and  made 
up  for  many  disappointments.  He  was  convinced  that  there  were 
numerous  undiscovered 'orebodies  still  lying  hidden  not  very  far 
below  the  surface  which  would  some  day  be  located  by  improved 
geophysical  methods  in  conjunction  with  the  diamond  drill. 

The  author  deserved  special  thanks  for  putting  the  science  of 
geophysics  in  its  proper  light  and  for  emphasizing  its  limitations  as 
he  did  throughout  the  paper  and  particularly  on  p.l7.  That  side 
of  the  picture  was  seldom  given.  Most  geophysicists  had  to  be 
good  salesmen  or  else  nobody  would  employ  them,  consequently 
they  were  inclined  to  become  super-optimists.  It  was  a  sad  truth 
that  the  use  of  geophysical  methods  in  the  search  for  metalliferous 
deposits  had  not  in  the  past  met  with  the  success  which  at  one 
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time  seemed  likely,  with  the  result  that  some  mining  men  were 
still  rather  sceptical  of  the  whole  business.  That  was  a  pity 
because  there  were  undoubtedly  many  instances  where  those 
methods  could  be  of  great  assistance  provided  one  did  not  expect 
too  much  of  them  by  themselves. 

Perhaps  he  had  been  particularly  fortunate  in  seeing  millions 
of  tons  of  high-grade  ore  discovered  by  geophysical  methods  in 
Newfoundland  in  disconnected  orebodies  spread  over  a  distance 
of  several  miles.  Some  of  the  ore  was  admittedly  not  far  below 
the  surface  and  might  have  been  discovered  eventually  by  ordinary 
prospecting  methods,  but  a  great  deal  of  it  most  certainly  would 
not  have  been  so  discovered  as  it  was  buried  under  a  deposit  of 
glacial  drift  varying  in  thickness  from  50  to  80  ft.  with  no  rock 
outcropping  anywhere  near  from  which  to  learn  the  geology.  On 
top  of  the  glacial  drift  there  were  several  feet  of  soft  muskeg 
which  necessitated  laying  platforms  of  timber  corduroy  for  the 
diamond  drills  to  work  from.  Locating  ore  under  that  sort  of  a 
blanket  by  geophysical  methods  could  hardly  be  called  a  *  fluke  \ 
as  it  had  been  described  by  one  of  the  previous  speakers. 

There  were  bound  to  be  many  disappointments  in  all  geophysical 
work,  but,  he  was  sure  that  any  mining  engineer  after  reading 
the  paper  would  be  in  a  much  better  position  to  appreciate  the  odds 
for  and  against.  It  was  obvious  that  to  be  of  any  real  value 
geophysical  surveys  must  be  carried  out  on  the  grand  scale.  Several 
different  methods, would  probably  have  to  be  tried  out  before  the 
right  one  or  the  right  combination  of  methods  was  learned.  That 
was  bound  to  be  a  lengthy  and  expensive  process.  A  little  know- 
ledge was  certainly  a  dangerous  thing  in  geophysics,  and  unless 
the  work  could  be  carried  out  most  systematically  and  with  the 
very  best  equipment  and  highly  trained  personnel,  it  should  be  left 
alone. 

The  author  did  not  say  very  much  about  geophysical  surveying 
from  the  air  ;  the  only  reference  was  on  p.  10  where  he  spoke  of  the 
advantages  of  the  airborne  magnetometer.  The  speaker  wished 
to  ask  if  any  progress  had  been  made  in  using  electrical  methods 
from  the  air,  with  a  helicopter,  for  instance  ?  That  had  always 
sounded  to  him  almost  too  good  to  be  true  but  they  had  been  told 
a  year  ago  by  one  of  their  members,  who  was  a  well-known  geo- 
physicist,  that  it  held  out  great  promise. 

He  asked  the  author  also  to  what  depth  he  thought  electrical 
methods  were  effective.  From  what  he  had  seen  in  the  field  he 
had  come  to  the  conclusion  that  they  were  not  likely  to  feel  mineral 
more  than  a  hundred  feet  or  so  below  the  surface.  He  knew  of 
several  instances  where  they  had  failed  to  locate  large  bodies  of 
massive  mixed  sulphides  which  did  not  come  up  to  the  surface 
and  although  he  had  often  asked  geophysicists  that  question 
he  had  never  obtained  a  satisfactory  answer — for  the  simple 
reason,  be  supposed,  that  they  did  not  really  know  themselves. 
He  gathered  that  gravimetric  methods  which  were  coming  more 
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into  use  with  very  much  improved  instniments,  had  a  much  better 
chance  of  finding  ore  at  depth  than  electrical  methodB  in  which 
the  field  was  ratiher  restricted. 

The  author  mentioned  the  discovery  of  ore  by  drilling  on  an 
anomaly  obtained  by  gravimetric  methods  in  New  Mexico  and  it 
would  be  interesting  to  know  at  what  depth  that  discovery  was 
made.  It  was  later  stated  that  with  direct  current  it  was  possible 
to  obtain  any  desired  penetration  but  that  the  power  required 
became  prohibitive.  He  did  not  quite  understand  that  statement 
but  he  supposed  that  it  referred  to  very  great  depths,  as  sorely  the 
power  consumption  would  not  be  so  serious  at  depths  up  to,  say, 
500  ft.  as  to  rule  the  method  out  altogether. 

The  author  mentioned  also  that  the  resistivity  of  massive  galena 
was  relatively  low  as  compared  with  other  rocks  and  minerals.  He 
had  always  understood  that  pure  galena  was  practically  inert  and 
did  not  give  any  kick  at  all  in  electrical  methods  ;  was  that  correct 
or  had  he  misunderstood  something  ? 

As  a  final  note  and  in  the  hope  that  geopbysicists  would  be 
spurred  on  to  greater  efforts  in  improving  their  methods  he  added 
that  the  diamond  drill  was  in  the  opinion  of  many  mining  engineers 
still  their  best  friend  in  the  search  for  new  orebodies.  With  more 
reUable  methods,  however,  the  combination  of  geophysics  and 
diamond  drilling  should  prove  a  very  strong  team  indeed  and  would, 
he  hoped,  help  to  solve  many  of  their  present-day  problems  as  to 
where  future  supplies  of  some  of  the  base  metals  were  to  come  from. 

Mr.  W.  W.  Varvill  also  congratulated  the  author  on  his  clear 
and  instructive  presentation  of  a  subject  which  could  so  readily 
remain  incomprehensible  to  those  not  gifted  with  a  knowledge  of 
higher  mathematics.  A  mining  engineer  like  himself  who  had  long 
forgotten  his  mathematics,  except  those  related  to  pounds,  shillings 
and  pence,  found  it  a  great  relief  to  read  a  paper  which  was  not 
obscured  in  a  cloud  of  symbols  and  formulae.  It  was  not  necessary 
to  know  how  a  motor-car  worked  in  order  to  drive  it  and  so  the 
mining  engineer  must  be  content  to  accept  what  he  was  offered  by 
the  geophysicist  and  apply  it  to  the  work  which  he  had  to  undertake. 
'  For  that  reason  it  was  very  important  that  the  mining  engineer 
should  know  the  limitations  of  geophysical  work  and  in  his  paper 
the  author  set  out  clearly  his  own  opinion  in  that  matter  and  could 
not  be  accused  of  the  excessive  optimism  common  to  geopbysicists. 

The  speaker  had  during  his  hf e'  been  brought  into  contact  with  a 
number  of  geophysical  surveys,  but  in  every  case  they  were  hunting 
for  small  and  sporadic  fissure  veins  of  base  metals  and  gold  and  he 
did  not  remember  a  single  instance  where  the  results  of  the  surveys 
led  to  anything  but  wasted  expenditure.  On  the  other  hand,  he 
admitted  that  geophysics,  particularly  with  regard  to  oil  and 
magnetic  metals,  had  produced  remarkable  results,  so  remarkable 
that  in  recent  years  the  pubhc  in  general  had  ascribed  to  the 
geophysicist  powers  which  hitherto  had  been  attributed  to  the 
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diviner.  The  use  of  various  mysterious  instruments  during  the  war 
for  detecting  land  mines,  and  the  great  discoveries  on  the  West 
Witwatersrand,  where  the  existence  of  magnetic  strata  helped  the 
geologists  to  site  their  hore-holes  successfully,  led  the  general 
puhlic  to  think  that  the  mining  engineer  had  been  given  a  magic 
box  which  would  tell'  him  where  the  mineral  was. 

It  was  one  of  the  duties  of  the  mining  engineer  to  enlighten 
the  uninitiated  on  the  question  of  the  hmitations  of  geophysical 
work,  otherwise  geophysicists  were  liable  to  bring  discredit  upon 
themselves  by  making  claims  which  they  could  not  substantiate, 
just  as  diviners  had  done  in  the  past.  He  was  not  a  believer  in 
divining  but  there  was  no  doubt  some  influence  which  could  not  be 
explained  by  science  in  its  present  stage  of  advancement,  with  the 
result  that  diviners  in  the  past  had  claimed  to  be  able  to  discover 
lost  dogs,  missing  bodies,  and  so  op. 

At  the  last  Meeting  a  speaker  enquired  about  the  possible  use  of 
radio  in  geophysics,  and  asked  if  there  had  been  any  such  recent 
developments  and  to  what  depths  of  rock  the  waves  would  go.  He 
understood  radio  waves  could  penetrate.  For  instance,  he  was  told 
on  good  authority  that  a  submarine  lying  on  the  bottom  of  the  sea 
could  pick  up  the  broadcasting  service  without  going  up  to  the 
surface  or  sending  up  a  floating  aerial.  That  meant  that  radio  waves 
penetrated  water,  which  was  one  of  the  most  difficult  things  for  them 
to  penetrate. 

Dr.  Dunham  at  the  last  Meeting  mentioned  a  geophysical  survey 
at  Mill  Close  mine.  He  did  not  know  if  it  was  the  same  survey 
that  was  carried  out  20  years  ago,  when  the  speaker  was  employed 
there,  by  an  amateur  who  was  a  skilled  research  worker  on  wireless. 
He  had  some  mysterious  box  with  which  he  was  hunting  for 
interference  with  the  B.B.C.  broadcasting  waves  and  which  might 
be  attributed  to  masses  of  galena.  At  Mill  Close  there  was  at  that 
time  a  large  mass  of  nearly  solid  galena  and  everybody  knew  where 
it  was.  The  expert  got  to  work  and  successfully  traced  the  line  of 
the  70-fathom  level  from  the  shaft  for  f  mile  to  the  north  where 
the  deposit  was  worked.  It  was  true  he  knew  it  was  there,  but  he 
definitely  got  results,  and  everybody  was  excited  about  it.  When  he 
reached  the  ground  over  the  top  of  the  large  deposit  he  came  to 
an  end  and  could  get  no  signals  beyond  that  point  although  the 
ore  ran  for  ^  mile  further.  One  day  he  lost  his  signals  altogether 
and  that  happened  at  ^  time  when  they  were  overhauling  the 
electric  pumps  in  the  mine  and  the  cables  were  dead,  so  that  there 
was  little  doubt  that  the  signals  he  had  received  originated  in 
the  cables.  He  would  like  to  ask  the  author  whether  those  electric 
waves  would  travel  J  mile  along  the  70-fm,  level  and  up  the  shaft, 
or  did  they  go  through  the  rock  ? 

The  President  said  that  much  of  the  discussion  on  that  interesting 
subject  had  been  devoted  to  the  more  general  aspects.  In  view  of 
the  hmitations  of  the  various  methods  of  geophysical  prospecting 
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which  had  been  mentioned  it  was  dear  that  the  asaiBtanoe  not  only 
of  geological  knowledge  but  also  of  any  of  the  ordinary  forms  of 
prospecting  must  be  brought  to  bear  upon  the  complex  problem 
of  finding  ore  deposits.  The  author  had  referred  to  some  interesting 
examples  of  surveys  in  order  to  illustrate  his  points  and  further 
examples  had  been  given  in  the  discussion  to  illustrate  other 
aspects  of  the  problem.  There  must  be  many  other  members* 
some  of  whom  were  abroad,  who  had  had  experience  of  geophysical 
surveys,  and  he  hoped  they  would  contribute  in  writing  to  the 
discussion,  referring  particularly  to  any  actual  experience  they 
had  had  in  special  cases. 

As  an  example  of  what  he  had  in  mind  he  mentioned  two 
cases  in  India.  In  both  the  rock  surfaces  were  masked,  in  one 
case  by  a  deep  covering  of  cultivated  soil,  and  in  the  other  by  a 
laterite  capping.  The  outcrops  of  lodes  were  worked  by  the 
ancients  and  the  rediscovery  of  those  workings  had  been  the 
basis  of  most  of  the  mineral  discoveries  in  the  country.  They  were 
no  more  than  deep  trenches  or  ditches  filled  with  rubble  and  in  the 
case  mentioned  they  were  completely  masked  by  cultivation. 
The  method  employed  was  a  simple  combination  of  electrical 
prospecting  together  with  rapid  trenclung  to  uncover  any  indications 
and  also  a  very  careful  panning  of  the  soil.  The  soil  examination 
was  for  particles  of  quartz.  Using  that  method  a  very  extensive 
series  of  old  workings  was  found  on  three  separate  lines  of  lodes» 
one  extending  for  5,000  ft.,  and  in  no  case  was  there  any  depression 
or  indication  of  those  old  workings  on  surface. 

In  the  second  case  it  was  found  that  quartz  reefs  in  rotted  schist 
under  the  laterite  gave  indications  using  electrical  methods. 
Deep  trenching  at  the  points  indicated  uncovered  a  number  of 
quartz  reefs.  By  this  means  the  probable  extension  of  the  Kolar 
Gold  Field  under  the  laterite  was  examined.  Unfortunately  no 
values  of  importance  were  found. 

He  gave  those  two  illustrations  as  simple  examples  of  the  use 
of  other  methods  of  prospecting  in  combination  with  geophysical 
prospecting. 

He  concluded  by  inviting  Dr.  Bruckshaw  to  make  further 
remarks. 

Dr.  Bruckshaw,  in  reply,  said  that  when  he  first  attempted  to 
produce  the  paper  under  discussion  he  had  as  an  objective  to 
describe  geophysical  prospecting  clearly  and  concisely  and  to  show 
as  precisely  as  possible  what  geophysics  could  accomplish.  He 
had  hoped  that  he  would  be  able  to  demonstrate  that  there  were 
no  miracles  attached  to  geophysics,  that  it  was  based  on  sound 
scientific  foundations  and  when  used  with  common  sense  would 
serve  as  a  very  useful  tool  in  the  prospecting  for  base  metal  ore- 
bodies. 

In  his  introductory  remarks,  and  also  in  the  paper  itself,  he 
stressed  what  he  considered  to  be  the  major  considerations  before 
undertaking  a  geophysical  survey  and  also  in  the  interpretation 
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of  the  results.  He  stressed,  for  example,  the  well-known  ambiguity 
in  interpretation  and,  also,  the  impossibility  of  identifying,  from 
physical  observations  made  at  the  surface,  the  actual  nature  of  the 
body  producing  the  observed  disturbed  field.  Later,  some  surveys 
were  specified  by  Mr.  McPherson  in  relation  to  the  search  for  certain 
orebodies.  Unfortunately,  geological  details  of  the  conditions 
under  which  those  geophysical  surveys  were  carried  out  had  not 
been  given  but  he  remembered  quitjB  well  Mr.  McPherson  saying 
that  geophysics  had  not  discovered  orebodies.  As  far  as  he  could 
see  geophysics  did  not  discover  orebodies  directly.  Geophysics,  in 
fact,  produced  a  map  of  anomalies  and  those  anomalies  must  then 
be  interpreted  in  terms  of  the  known  geology  and  their  potential 
-value  assessed.  To  state  that  an  anomaly  was  due  to  an  orebody 
went  beyond  the  geophysical  evidence ;  it  was  combined  geology 
and  geophysics.  The  examples  quoted  by  Mr.  McPherson  on  that 
occasion  demonstrated  very  forcibly  the  point  he  had  attempted 
to  make,  namely,  that  it  was  impossible  to  identify  a  body  from 
its  physical  effect  at  the  surface,  and,  in  some  measure,  how  not 
to  conclude  a  geophysical  survey. 

There  was  one  other  fairly  general  point  which  he  would  like  to 
make.  He  believed  that  Dr.  Pickering,  amongst  others,  stated 
that  geophysics  was  very  good  in  the  hands  of  the  geologist,  a 
statement  equivalent  to  saying  that  geophysics  was  a  subject 
which  should  not  be  carried  out  by  the  geophysicist.  He  suspected 
that  Dr.  Pickering  was  thinking  not  of  the  geophysicist,  but  rather 
of  the  physicist.  To  the  physicist  was  usually  attributed  the  abiUty 
to  make  measurements  ;  the  geologist  must  make  the  interpretation 
of  the  measurements.  He  claimed  that  when  the  geologist  was 
acting  in  that  manner  he  became  a  geophysicist  and  was  carrying 
out  the  functions  which  could  be  performed  by  a  competent 
geophysicist.  The  latter  should  possess  not  only  the  necessary 
physical  background  but  also  the  necessary  geological  background. 

In  carrying  out  a  survey  a  geophysicist  could  not  be  as  famihar 
with  the  geology  of  any  area  as  the  geologist  who  had  examined  it 
in  greater  detail  prior  to  his  arrival.  It  was  only  natural,  and 
desirable,  that  he  should  maintain  close  contact  with  that  geologist. 
Nevertheless,  the  geophysicist  should  appreciate  the  full  significance 
of  the  geological  data  which  was  presented  to  him.  Thus,  to  state 
that  the  geophysicist  was  not  the  person  to  carry  out  geophysical 
surveys  was  an  anomaly. 

It  would  appear  that,  as  a  result  of  the  discussion,  the  general 
conclusion  was  that  geophysics  was  quite  a  useful  item  of  the 
prospecting  methods.  There  were  occasions  on  which  it  had 
failed,  and  it  was  fairly  obvious  that  it  was  not  going  to  be  100  per 
cent  successful.  There  would  always  be  the  disappointing  cases, 
but,  nevertheless,  geophysics  was  a  useful  established  tool  and  would 
maintain  its  successes  at  a  high  level  in  the  future. 

The  President  said  that  the  Institution  was  greatly  indebted 
to  Dr.  Bruckshaw  for  his  interesting  paper  and  his  concluding 
remarks. 


The  Institution  as  a  body  is  not  responsible  for  the  statements  made  or  opinions 

expressed  in  any  of  its  publications. 

DISCUSSION  ON 

Recovery  of  Sulphur  from  Smelter  Gases  by  the 

Orkla  Process  at  Rio  Tlnto 

By  H.  E.  Potts  and  E.  6.  Lawfobd^  Members 

The  President  said  that  the  excellent  paper  for  discussion  that 
evening  was  presented  by  joint  authors,  but  the  Institution  was 
indebted  to  Mr.  Lawford  for  undertaking  the  introduction  of  the 
paper. 

Mr.  E.  G.  Lawford  said  that,  as  there  might  be  some  present 
who  had  not  had  time  to  read  the  paper,  he  would  briefly  go  over 
the  flow-sheet  of  the  process  in  order  that  his  subsequent  remarks 
and  the  general  discussion  might  be  more  inteUigible.    He  then 
exhibited  a  lantern  shde  of  the  flow-sheet  and  gave  an  outline  of 
the  process.     He  exhibited  lantern  slides  showing  open-top  and 
closed-top  blast  furnaces,  sulphur  washing  autoclave  and  Cottrell 
chambers  and  a  sulphur  storage  monolith.    Continuing  his  intro- 
duction, he  said  that  unfortunately,  when  it  was  already  too  late  to 
make  alterations,  it  had  become  apparent  to  the  authors  that  the 
title  which  they  had  selected  for  the  paper  was  by  no  means  a  good 
one.    *  The  Kecovery  of  Sulphur  from  Smelter  Gases  '  might  well 
give  the  impression  that  the  sulphur  was  already  present  in  the 
gases,  whereas  what  the  authors  described  in  their  paper  was  a 
method  of  smelting  which  gave  a  gas  containing  sulphur :  the 
actual  recovery  of  the  sulphur  from  the  gas  was  a  comparatively 
simple  matter  of  condensation,  whereas  the  method  of  smelting 
whereby  the  sulphur  containing  gas  was  produced  was  a  much 
more  complex  and  interesting  matter.     They  would,  therefore, 
have  preferred  to  call  the  paper  *  The  Production  of  Sulphur  by  the 
Orkla  Process  at  Rio  Tinto  *. 

He  would  hke  to  point  out,  before  passing  on  to  other  matters, 
what  he  considered  to  be  somewhat  misleading  wording  on  p.  24, 
in  which  it  was  stated  that  the  ore  was  prepared  by  screening  on  a 
1-in.  square  mesh  and  that  the  upper  Umit  was  an  8-in.  ring.  That 
might  give  the  impression  that  the  ore  was  prepared  by  screening 
on  a  double-deck  screen  with  a  top  deck  of  8-in.  mesh  and  a  lower 
deck  of  1-in.  mesh,  the  undersize  from  the  top  deck  and  the  oversize 
from  the  bottom  deck  being  the  feed  for  the  furnace.  No  such 
method  of  preparation  was  in  fact  practised.  All  the  ore  screened 
on  the  1-in.  square  mesh  screen  was  previously  passed  through 
a  jaw  crusher  :  that  made  quite  sure  that  no  pieces  of  ore  exceeded 
8-in.  ring  in  size — and  indeed  by  far  the  greater  part  of  the  ore 
would  be  less  than  6-in.  ring.  The  reason  why  the  authors  men- 
tioned 8-in.  ring  at  all  was  because  nothing  larger  than  that  size 
would  pass  through  the  charging  bells  of  the  furnace. 

One  of  the  great  difficulties  that  had  confronted  all  those  con- 
nected with  the  process  was  the  impossibility  of  ascertaining  by  sight 
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or  by  sampling  and  analysis  jost  exactly  what  went  on  inside  the 
furnace.  If  they  would  think  for  a  moment  of  the  placid  calm  of 
the  inside  of  a  reverberatory  furnace  and  its  relative  accessibility 
and  then  compare  that  wiu  the  roaring  turbulence  of  the  blast 
furnace,  encased  in  its  four  water-jacketted  sides  in  which  there  was 
no  opening  above  the  tuytees,  they  would  realize  just  what  that 
difficulty  amounted  to^  In  the  reverberatory  there  were  abundant 
openings  through  which  the  hearth  could  be  viewed  and  gas 
temperatures  taken  either  optically  or  by  other  means.  Further- 
more, the  drawing  of  gas  samples  presented  no  insuperable 
difficulty.  In  the  case  of  the  blast  furnace,  however,  the  very 
nature  of  the  plant  itself  and  the  process  taking  place  in  it  made  it 
impossible  to  secure  accurate  temperatures  or  analyses  of  the  gas. 

There  was  no  doubt  in  his  mind  that  if  it  could  possibly  be  done 
tbey  would  learn  a  very  great  deal  by  obtaining  gas  temperatures 
and  analyses  at  vertical  intervals  of,  say,  a  foot  from  the  tuy&res 
up  to  the  exit  gas  ports  of  the  furnace. 

Even  the  sampling  and  analysis  of  the  furnaces  gases  after  they 
left  the  cold  Cottrells  presented  formidable  difficulties.  They  had 
not  yet  found  any  instrument  capable  of  providing  an  accurate 
and  continuous  record  of  the  SO^  in  the  exit  gas,  still  less  of  the  total 
sulphur,  and  as  far  as  they  were  aware  no  such  instrument  had  yet 
been  devised  and  manufactured. 

For  all  those  reasons  they  had  to  admit,  even  to-day  after  many 
years  of  experience,  that  they  did  not  know  with  absolute  certainty 
what  was  a  typical  analysis  of  their  gases  under  any  given  condition 
of  coke  consumption,  smelting  rate  and  so  forth. 

In  spite  of  the  difficulties  and  the  resulting  uncertainty  in  regard 
to  some  of  the  data,  he  and  his  co-author  had  ventured  to  put  for- 
ward, very  tentatively,  a  theory  on  how  the  process  worked, 
and  they  had  attempted  an  actual  quantitative  analysis  of  it. 
They  wished  to  stress,  however,  that  they  fully  realized  the  arbitrary 
nature  of  some  of  the  assumptions  and  the  fact  that  the  gas  analyses 
which  they  had  used  might  not  be  strictly  accurate,  and  that  for 
those  reasons  no  exact  results  were  to  be  expected.  They  did  think, 
however,  that  they  were  justified  in  assuming  that  a  fair  amount — 
to  use  no  more  precise  numerical  definition — of  reduction  was  done 
by  solid  carbon. 

They  also  beheved  that  it  followed  from  the  theory  which  they 
had  set  out  that  the  more  coke  used  the  greater  the  reduction  by 
CO.  In  other  words,  they  thought  that  there  was  sufficient  contact 
time  and  temperature  to  burn  just  so  much  carbon  and  no  more  in 
SOj ;  if  the  carbon  in  the  charge  were  increased,  more  and  more 
would  reach  the  focus  and  would  ultimately  react  vnth  the  S0| 
as  CO  and  not  as  C. 

That  brought  them  to  a  point  which  they  had  stressed  in  the 
paper  ;  in  operating  the  process  in  a  matting  blast  furnace  they  were 
attempting  to  carry  out  a  high  degree  of  oxidation  of  FeS  and  then 
within  a  few  feet,  possibly  inches  even,  to  turn  the  whole  process 
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into  a  reducing  one.  That  meant  that  their  p3rritic  smelting  was 
not  at  all  good  and  their  reduction  of  SO^  not  particularly  efficient. 
The  very  essence  of  true  pyritic  smelting  was  absence  of  carbon  at 
the  focus,  so  that  there  should  be  nothing  to  burn  except  FeS.  The 
presence  of  carbon  at  once  limited  the  oxidation  of  FeS  and  this, 
in  their  view,  accounted  for  the  poor  ratio  of  concentration  which 
they  obtained.  When  those  present  remembered  the  ratios  of 
concentration  of  15,  16  and  17 : 1  which  were  made  at  Mount 
Lyell  in  the  early  days  of  the  present  century,  and  compared  them 
-with  the  concentration  of  between  8  and  4 : 1  at  Bio  Tinto,  they 
would  fully  realize  the  truth  of  the  statement  regarding  the 
inferiority  of  the  pyritic  smelting  done. 

The  question  might  well  be  asked  whether  the  conventional 
type  of  water-jacketted  blast  furnace  was  the  right  kind  of  plant 
to  use  for  the  Orkla  process.  They  had  often  wondered  whether  it 
v^ould  be  possible  to  lengthen  the  high  temperature  contact  zone  by 
using  a  furnace  which  would  much  more  closely  resemble  an  iron 
blast  furnace  than  a  matting  furnace.  In  the  conventional  copper 
furnace  no  attempt  was  made  to  conserve  heat ;  in  fact  the  water- 
jackets  were  intended  to  dissipate  it.  It  was  interesting  to  speculate 
on  what  might  happen  in  a  brick-built  furnace  50  or  60  ft.  high, 
in  which  every  attempt  was  made  to  generate  the  maximum 
temperature  at  the  focus  by  intensive  oxidation  of  FeS  and  then  to 
conserve  that  heat  by  insulation  and  like  devices,  at  the  same  time 
causing  the  gases  to  travel  a  much  greater  distance  in  contact  with 
coke  than  they  do  in  the  present  short  furnaces. 

The  use  of  oxygen-enriched  blast  in  such  a  furnace  in  order  to 
generate  a  very  high  temperature  at  the  focus  was  an  interesting 
possibility  on  which  to  speculate. 

The  Norwegian  operators,  imlike  those  dealing  with  arsenical 
Iberian  ores,  did  not  have  to  worry  unduly  about  the  extent  to 
which  they  effected  reduction  in  the  furnace  and  there  was, 
therefore,  not  the  same  inducement  in  their  case  to  consider 
departing  from  the  conventional  copper  blast  furnace.  In  Norway 
the  gases  could  be  efficiently  treated  by  catalysis  which  had  the 
effect  of  recovering  substantial  additional  quantities  of  sulphur 
from  the  gases  outside  the  furnace.  Unreduced  SO2  was  required 
in  order  to  catalyse  the  sulphur  combined  with  carbon  and 
hydrogen  and,  therefore,  complete  reduction  of  the  SOj  in  the 
furnace,  even  if  it  were  possible,  would  not  in  their  case  be  desired. 
With  the  arsenical  Iberian  ores,  once  the  gases  left  the  furnace, 
any  further  recovery  of  sulphur — recovery  as  distinct  from  mere 
condensation  of  existing  sulphur  vapour — had  so  far  proved 
impossible  for  the  reasons  given  in  the  paper. 

In  that  connection  they  were  afraid  that  the  last  paragraph  on 
p.  25  might  appear  to  conflict  with  the  first  paragraph  on  p.  88 
and  both  the  paragraphs  required  some  explanation.  In  the  last 
paragraph  on  p.  25  the  expression  *  exit  gases  '  should  not  have 
been  used  as  that  term  should  have  been  reserved  for  gases  leaving 
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the  cold  Cottrell  and  passing  out  of  the  system,  whereas,  of  course^ 
the  paragraph  referred  to  gases  leaving  the  furnace.  The  first 
paragraph  on  p.  88  might  give  the  impression  that  they  had  in 
view  some  special  step  whereby  arsenic  would  first  be  removed 
from  the  gases  after  leaving  the  cold  Cottrdl  and  catalysis  then 
carried  out.  They  regretted  the  bad  wording  of  the  paragraph  and 
suggested  the  following  for  substitution :  '  Possible  treatment  of 
the  arsenic-free  exit  gases  by  catalysis  '.  In  explanation  they  would 
say  that  substantially  all  the  arsenic  reported  in  the  sulphur  already 
condensed  and  was  recovered  before  the  gases  left  the  cold  Cottrells, 
and  if  it  were  found  possible  to  catalyse  the  gases  leaving  the 
cold  Cottrells  and  at  present  passing  out  of  the  system,  any  sulphur 
recovered  in  that  manner  would  be  substantially  arsenic-free. 

Catalysis  of  the  gases  after  they  left  the  cold  Cottrells  had  at 
one  time  been  considered,  but*it  necessitated  reheating  those  gases 
to  400^C.  and  that  would  have  made  the  whole  scheme  quite 
uneconomic.  They  believed,  however,  that  some  catalysis  mig^t 
be  possible  at  a  lower  temperature  and  that  it  might  only  be 
necessary  to  reheat  the  gases  leaving  the  cold  Cottrells  to  something 
like  250°C.  Whether  the  yield  of  sulphur  by  catalysis  at  that 
temperature  would  cover  the  cost  remained  to  be  ascertained. 

In  Norway,  catalysis  of  the  gases  was  carried  out  in  two  stages. 
He  believed  that  the  first  stage  was  carried  out  at  40O^G.  and 
recovered  some  28  g.  of  sulphur  per  cq.  m.,  mainly  from  carbon 
disulphide  and  carbon  oxy-sulphide,  and  that  the  exit  gases  from 
the  process  were  reheated  to  260^C.,  again  catalysed  and  a  further 
^0  g.  of  sulphur  recovered.  They  very  much  hoped  that  the 
engineers  in  charge  at  Orkla  would  contribute  in  writing  to  the 
discussion  and  would  give  full  details  of  treatment  of  their  gases. 

The  authors  wished  to  make  a  few  observations  on  the  general 
efficiency  of  the  Orkla  process. 

In  spite  of  the  relatively  poor  reduction  of  SO2  the  process  used 
very  much  less  coke  per  ton  of  sulphur  than  any  of  the  numerous 
reduction  processes,  all  of  which  first  burned  all  the  S  in  the 
pyritic  material  to  8O2  and  then  reduced  the  8O2  by  C  or  CO  either 
directly  or  after  first  concentrating  the  8O2  by  absorption,  sending 
a  very  strong  gas  forward  to  the  reduction  step.  The  reason  was, 
of  course,  that  the  Orkla  process  recovered  all  the  loose  atom 
sulphur  without  reduction  and,  for  that  reason,  judged  on  the 
yield  of  sulpbnr  per  ton  of  coke,  it  was  a  very  efficient  process. 

It  was  much  i^ss  efficient  if  the  yard -stick  applied  was  the  yield 
of  sulphur  per  ton  of  pyrites,  because,  in  addition  to  the  inevitable 
loss  of  sulphur  as  SO2  and  carbon  compounds  in  the  end  gas,  there 
was  also  the  loss  of  sulphur  in  the  matte.  No  doubt  some  of  that 
sulphur  could  be  recovered,  as  indeed  it  was  in  Norway,  by  con- 
centrating the  matte  in  a  closed-top  furnace  but  some  sulphur 
must  always  be  lost  in  matte  and  at  Bio  Tinto  it  amounted  to 
10-15  per  cent  of  the  total  sulphur  in  the  pyrites. 

In  passing  to  the  sulphur  purification,  Mr.  Lawford  said  that 
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there  was  little  to  add  to  what  the  authors  had  already  written. 
The  process  was  a  hatch  process  and  suffered  from  the  defects 
inherent  to  all  batch  processes.  However,  they  were  actively 
experimenting  with  a  continuous  sulphur  washing  process  and 
they  hoped  that,  eventually,  they  would  greatly  improve  the 
present  method. 

It  would,  of  course,  be  noted  that  there  again  the  presence  of 
arsenic  adversely  affected  recoveries  as  compared  with  those 
obtained  from  arsenic-free  or  low-arsenic  ores.  The  arsenical 
liquors  were  thio-arsenate  compounds  and  carried  away  their  due 
proportion  of  valuable  sulphur.  With  all  its  expense  and 
disadvantages  the  purification  process  could  virtually  eliminate 
arsenic  and  must,  therefore,  be  considered  a  highly  efficient  process. 

To  close  the  introduction  a  glance  would  be  taken  into  the 
future. 

Anyone  who  had  had  a  close  acquaintance  with  Spanish  con- 
ditions since  the  outbreak  of  the  Civil  War  in  1986,  through  the 
W^orld  War,  and  through  the  last  years  of  partial  ostracism  of 
Spain  by  the  United  Nations,  would  realize  the  impossibility  of 
doing  any  large-scale  experimental  work.  The  first  and  urgent 
need  had  been  to  keep  plant  and  process  running  somehow,  no 
matter  how  inefficiently.  There  had  been  recurrent  serious 
shortages  of  coal  and  coke,  at  least  one  serious  drought  causing 
curtailment  of  operations  through  a  dangerous  shortage  of  water, 
and  great  stringency  in  foreign  exchange  with  which  to  make 
purchases  abroad  ;  in  addition,  shortage  of  labour  had  been  very 
serious.  Superimposed  on  that  kaleidoscope  of  shortages  had 
been  a  spiral  of  rising  costs.  All  that  had  made  it  impossible  to 
contemplate  large-scale  experimental  work.  However,  they  all 
hoped  that  conditions  would  change  sooner  or  later  and  that 
experimental  work  would  once  again  become  possible.  They  did 
not  yet  regard  the  problem  of  catalysis  as  impossible  of  solution  and 
they  believed  that  the  reduction  of  SO2  within  the  furnace  might 
be  greatly  improved. 

They  hoped,  therefore,  that  in  a  not  too  distant  future  the 
Institution  might  have  before  it  a  second  paper  describing 
improvements  and  developments  in  the  Orkla  process. 

Finally,  the  speaker  said  he  and  his  co-author  wished  to 
acknowledge  their  immense  indebtedness  to  Mr.  L.  U.  Salkield  of 
the  metallurgical  staff  of  the  Rio  Tinto  Company  in  Spain.  To  him 
was  largely  due  the  reduction  theory  that  they  had  presented  in 
the  paper  in  its  present  form. 

Dr.  S.  I.  Levy*  said  that  the  mechanism  of  the  process  was  of 
great  theoretical  interest  especially  since,  as  Mr.  Lawford  had 
clearly  pointed  out,  it  was  necessarily  a  compromise  between 
smelting  and  treatment  for  sulphur  recovery.  Those  two  objects 
might  very  well  be  incompatible,  since  the  furnace  had  to  be  kept 

^Consulting  chemical  enginear  to  the  Rio  Tinto  Ck).,  Ltd. 
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running  and  it  had  a  habit  of  ohoosing  its  own  oonditions  of 
smelting,  which  might  not  be  the  most  Buitable  tor  snlphar 
recovery. 

Following  the  burden  down  the  furnace,  the  first  thing  that 
happened  when  the  pyrites  was  subjected  to  increasing  temperature 
was  that  arsenic  sulphide  was  driven  off.  If  pyrites  were  heated  in 
a  glass  or  siUca  tube,  the  first  product  obtained  was  arsenic  sulphide, 
and  one  could  see  a  broad  yellow  ring  formed  on  the  cooler  pieurt  of 
the  tube  as  soon  as  the  temperature  in  the  furnace  got  to  45(MW0°C. 
The  arsenic  sulphide  is  at  first  pure,  but  sulphur  begins  to  oome  off 
at  a  not  much  higher  temperature-— 500  to  600°C. — and  increases 
up  to  almost  the  melting  point  of  the  mineral.  The  melting  point 
of  this  crude  mineral  is  a  good  deal  below  900^G. ;  heated  above 
850^0.  it  tends  to  slag  with  the  silica  of  the  tube,  so  that  laboratory 
experiments  had  been  limited  to  850^0.  At  that  temperature  a 
relatively  small  proportion  of  the  total  sulphur  was  obtained — 
about  17  per  cent  by  weight  of  the  original  mineral,  and  less  than 
40  per  cent  of  the  original  sulphur  content. 

He  had  not  carried  out  experiments  at  higher  temperatures 
but  he  had  been  given  results  of  experiments  carried  out  in  an 
induction  furnace.  Pyrites  was  not  a  material  which  readily 
accepted  heat  in  an  induction  furnace,  so  that  it  was  necessary 
to  heat  it  in  a  carbon  crucible,  which  acted  as  accepter.  Very  little 
more  sulphur  came  off  until  the  temperature  approached  1200^0., 
when  the  rest  of  the  first  atom  began  to  come  off  and  was  com- 
pletely driven  off  between  1500  and  1600^0.,  a  pure  FeS  being 
obtained.  That  became  volatile  at  1600^0.  and  began  to  vaporize, 
but  it  did  not  lose  any  more  sulphur  by  heating.  At  1600^0., 
however,  ferrous  sulphide  entered  into  chemical  reaction  with  the 
carbon  of  the  crucible  ;  carbon  disulphide  was  formed,  and  the 
residue  was  an  impure  iron  containing  carbon  and  some  sulphur. 

In  the  Orkla  furnace  temperatures  of  1600^  were  not  approached. 
Probably  a  temperature  of  1400**C.  was  obtained  at  the  focus 
but  it  seemed  likely  that  by  the  time  the  burden  came  into  contact 
with  the  oxygen  of  the  air  the  actual  temperature  of  the  pyrites  was 
probably  not  much  above  li200°C,  so  that  it  was  fair  to  assume,  as 
the  authors  had  done,  that  the  whole  of  the  first  atom  sulphur  was 
not  driven  off,  but  something  of  the  order  of  40  per  cent  of  the  total 
sulphur  in  the  mineral.  In  that  respect  he  thought,  although 
there  was  no  real  experimental  evidence  to  decide  it  definitely, 
that  the  authors  were  probably  correct  when  they  assumed  that 
material  of  about  the  composition  Fe7  Sg  or  Fe^  S7  reached  the 
reaction  zone. 

The  authors  had  assumed  that  there  was  some  reaction  of  the 
coke  in  the  burden  with  the  gases.  He  did  not  altogether  accept 
the  suggested  course  of  such  reaction.  He  did  not  think  carbon 
disulphide  would  be  formed  in  the  column,  though  some  carbon 
oxy-sulphide  might  be  formed  in  the  column.  However  that 
might  be,  he  thought  they  were  all  agreed  that  the  great  bulk  of 
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the  carbon  reached  the  reaction  zone  just  above  the  tuyeres  without 
much  change.  That  view  was  confirmed  by  an  observation  recorded 
by  Mr.  Salkield  on  one  occasion  when  a  furnace  was  stopped 
suddenly,  and  the  charge  when  cold  was  analysed  foot  by  foot 
for  carbon.  It  was  found  that  as  low  as  4  ft.  above  the  focus  the 
carbon  was  stUl  nearly  up  to  the  original  proportion  in  the  charge, 
so  that  the  actual  reaction  of  carbon  in  the  column  was  quite  small 
until  the  zone  of  extreme  activity  just  above  the  tuyeres  was 
reached.  In  that  zone  practically  the  whole  of  the  smelting 
reactions  had  to  take  place. 

The  views  as  to  those  reactions  which  the  authors  of  the  paper 
had  put  forward  could  be  confirmed  to  some  degree  by  looking 
at  the  oxygen  balance.  It  was  quite  certain  that  practically  all 
the  oxygen  was  consumed  within  2  or  8  ft.  of  the  tuyeres,  and  that 
the  oxidizing  action  took  place  almost  at  once.  It  was  possible  to 
get  an  oxygen  balance  because  the  products  of  the  reactions  were 
known  and  an  estimate  of  the  oxygen  entering  the  furnace  could 
be  made  from  the  figures  which  the  authors  had  provided.  They 
gave  the  volume  of  exit  gases  per  ton  of  mineral  charged,  from  which 
it  was  easy  to  calculate  the  volume  of  air  used,  since  there  was  no 
change  in  volume  except  in  two  respects.  In  the  first  place  a 
certain  amount  of  oxygen  was  removed  by  iron,  which  went  into 
the  slag  in  the  form  of  ferrous  oxide.  That  could  be  calculated  from 
the  figures  on  p.  5.  Secondly,  there  was  a  slight  increase  in  the 
volume  of  gas  due  to  formation  of  carbon  monoxide  and  carbon 
oxy-sulphide.  Allowing  for  those  two  changes  in  volume,  the  air 
used  per  ton  of  pyrites  was  about  60  cu.  m.  more  than  the  volume 
of  the  exit  gases.  Taking  the  oxygen  from  that,  one  could  get  a 
figure  for  the  total  amount  of  oxygen  entering  the  furnace. 

The  authors  calculated  how  much  sulphur  was  burnt  at  the  focus 
to  form  SO2,  and  they  gave  the  figure  for  iron  in  the  slag,  so  that 
it  could  be  calculated  how  much  oxygen  was  available  at  the  focus 
for  carbon.  It  seemed  fairly  clear  that  there  was  enough  oxygen 
to  burn  the  greater  part  of  the  carbon  to  carbon  monoxide.  Probably 
something  of  the  order  of  two  thirds  to  three  quarters  of  the  carbon 
was  burned  to  carbon  monoxide  in  the  reaction  zone  at  the  focus. 
The  rest  of  the  carbon  therefore  must  be  oxidized  by  sulphur 
dioxide.  The  authors  had  concluded  that  sulphur  dioxide  must  be 
reduced  to  sulphur  to  some  extent  by.,  solid  carbon,  and  that 
conclusion  was  confirmed  by  calculation  of  the  oxygen  balance, 
which  showed  that  the  whole  of  the  carbon  was  not  converted  to 
carbon  monoxide,  since  there  was  not  enough  oxygen  ;  it  followed 
that  a  certain  amount  of  carbon  must  be  consumed  by  reaction  with 
sulphur  dioxide. 

It  was  clear  that  the  ideal  aim  would  be  for  sulphur  dioxide  to 
be  reduced  entirely  by  carbon.  One  could  only  bring  the  iron 
monosulphide  into  reaction  by  burning  it  with  oxygen,  therefore 
sulphur  dioxide  must  be  formed  from  all  the  FeS  which  was  brought 
into  the  reaction  zone.    That  being  so,  the  most  effective  method 
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of  getting  solphur  would  be  to  reduce  that  SOg  by  BoUd  carbon  and 
that  could  be  done,  as  the  authors  had  pointed  out,  in  the  column 
above  the  main  reaction  zone  if  the  temperature  were  high  enough 
The  reduction  of  80^  by  carbon  did  not  proceed  quickly  much 
below  1200^0.,  but  at  1200^0.  it  proceeded  quite  easily  and  quickly. 
If  the  ^temperature  could  be  raised  sufficiently,  therefore,  Bulphor 
dioxide  could  be  reduced  by  carbon  in  the  colunm  above  the  foAis ; 
the  carbon  would  not  then  descend  to  the  focus  and  consume 
oxygen.  That  would  allow  a  more  effective  use  of  air  in  oxidising 
the  mineral  itself  and  would  give  a  better  grade  of  matte.  The 
whole  of  the  study  of  those  reactions  pointed  to  the  conclusion  that 
the  only  practical  way  of  getting  better  recovery  of  sulphur  or  a 
lower  consumption  of  carbon  for  the  sulphur  recovered  would  be 
to  get  a  higher  temperature. 

Whether  or  not  that  was  practical  was  not  entirely  clear.  It 
was  quite  certain  that  a  water-jacketted  furnace  must  remove  a 
large  quantity  of  the  heat  available  and  must  keep  the  temperature 
down  at  the  point  where  it  was  required  to  bo  highest.  He  saw 
that  brick  lining  and  some  insulation  of  the  water  jackets  had  been 
attempted  but  had  not  been  very  successful.  U  some  effective 
insulation  between  the  water-jacket  and  the  charge  could  be 
devised  a  higher  temperature  was  bound  to  follow.  Another 
100°-150^C.  would  probably  make  a  very  great  difference,  and 
might  lead  to  a  much  better  matte  grade  and  much  better  sidphur 
recovery,  by  bringing  about  reduction  of  sulphur  dioxide  in  the 
column  with  a  relatively  low  use  of  carbon.  It  was  important  to 
point  out  that  that  involved  using  less  air  per  ton  of  charge,  which 
in  itself  seemed  a  little  contradictory.  It  would  be  difficult  to  get 
higher  temperature  and  at  the  same  time  use  less  air,  but  if  better 
results  were  to  be  obtained  it  would  be  necessary  to  cut  down  the 
amount  of  air  entering  the  furnace  per  ton  of  mineral  charged. 

The  next  point  was  the  treatment  of  the  exit  gases,  and 
particularly  the  effect  of  the  arsenic  present.  The  gases  contained 
up  to  250  g./cu.  m.  of  free  sulphur,  with  5  to  6  g.  of  arsenic.  The 
effect  of  the  arsenic  was  to  make  catalysis  impossible.  The  only 
arsenic-sulphur  compound  which  could  exist  in  the  vapour  state 
was  arsenic  trisulphide ;  that  was  considerably  less  volatile  than 
sulphur,  and  tended  to  separate  at  a  higher  temperature.  When  it 
separated  with  sulphur,  an  extremely  viscous  mixture  was  formed. 
The  only  practical  way  of  dealing  with  it  was  to  keep  the  gases  hot 
enough  to  prevent  any  condensation  at  all  until  the  whole  quantity 
could  be  cooled  down  quickly  to  such  a  degree  that  the  bulk  of 
the  sulphur  separated  with  the  arsenic  sulphide  and  formed  a  solu- 
tion sufficiently  mobile  to  flow  without  too  much  difficulty. 
Sulphur  containing  even  a  moderate  proportion  of  arsenic  was  not 
easily  handled  in  a  liquid  state,  because  it  was  extremely  viscous 
even  at  temperatures  considerably  above  the  melting  point.  The 
method  adopted  at  Eio  Tinto  was  therefore  to  remove  mechanical 
dust  from  the  gases  at  a  temperature  well  above  that  at  which 
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arsenical  sulphur  began  to  deposit.  If  the  temperature  was  allowed 
to  get  much  lower  than  450°C.,  extremely  viscous  deposits  of  high 
arsenical  sulphur  might  be  formed.  The  gases  were  therefore  freed 
from  dust  at  a  temperature  as  near  to  450°C.  as  possible,  and  then 
passed  through  a  condepser  to  bring  the  temperature  down  to 
120-140^0.  At  that  temperature  most  of  the  sulphur  separated 
with  practically  all  the  arsenic,  so  that  one  got  a  hquid  sulphur 
containing  8  per  cent  or  less  of  arsenic.  That  could  be  handled 
fairly  comfortably,  but  the  effect  was  that  although  the  arsenic 
was  removed  from  the  gases  without  too  much  mechanical  trouble, 
the  gases  had  to  be  cooled  so  much  that  they  would  no  longer  react 
in  the  presence  of  a  catalyst.  At  temperatures  as  low  as  150°C.  it 
was  impossible  to  cause  the  sulphur  dioxide,  carbon  disulphide  and 
carbon  oxy-sulphide  in  the  gases  to  react  to  produce  sulphur  at 
any  useful  rate,  and  all  the  combined  sulphur  in  the  gases  was 
therefore  lost. 

He  would  Hke  to  say  a  word  or  two  on  sulphur  refining.  The 
removal  of  more  than  2  per  cent  of  arsenic  in  one  operation  by  such 
a  simple  process  as  the  authors  had  described  to  give  a  substantially 
pure  sulphur  was  a  remajrkable  achievement.  It  was  all  the  more 
remarkable  in  that  while  arsenic  sulphide  was  completely  soluble 
in  molten  sulphur  neither  arsenic  sulphide  nor  sulphur  itself  was 
soluble  in  water.  The  curious  thing  on  which  the  success  of  the 
process  depended  was  that  calcium  thioarsenate  was  extremely 
soluble  in  water.  That  was  rather  unexpected,  because  the 
corresponding  oxygen  compound,  calcium  arsenate,  was  practically 
insoluble  in  water.  Related  compounds  Hke  the  calcium  phos- 
phates were  also  completely  insoluble  in  water.  It  was  surprising 
to  find  that  calcium  thioarsenate  was  so  soluble  that  even  when  the 
solution  was  concentrated  to  a  high  density  the  thioarsenate  would 
not  crystallize.  It  had  only  been  possible  to  make  it  crystallize  by 
concentrating  to  a  high  degree  and  then  cooling  and  adding  alcohol. 
The  crystals  which  then  formed  on  standing  were  clear  and  briUiant, 
but  rapidly  became  yellow  and  opaque  in  the  air.  The  thioarsenates 
were  decomposed  by  carbon  dioxide,  with  separation  of  sulphur 
and  arsenic  sulphide.  The  latter  was  non-poisonous  by  reason  of  the 
fact  that  it  would  not  dissolve  to  any  degree  in  acid,  and  so  was 
not  attacked  in  the  body  but  passed  through  unchanged.  The  only 
poison  hazard  in  that  process  arose  from  the  possible  presence  of 
II2S. 

In  concluding  his  remarks  the  speaker  joined  the  authors  in 
paying  a  tribute  to  the  valuable  work  of  Mr.  Salkield,  who  was  the 
first  to  point  out  that  in  the  blast  furnace  operation  substantially 
all  the  oxygen  and  a  great  deal  of  the  carbon  must  be  consumed  in 
a  relatively  small  zone  just  above  the  tuyeres.  Mr.  Salkield  and  the 
late  Mr.  L.  A.  Lawrence  had  to  face  the  great  difficulty  of  bringing 
a  new  process  into  operation  on  a  very  large  scale  with  the 
enormous  complications  due  to  the  large  amount  of  arsenic  which 
was  present.     The  success  of  the  process  at  Rio  Tinto.  owed  a 
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great  deal  to  their  efforts  as  well  as  to  the  work  of  the  authors  of 
the  paper. 

Col.  J.  Cross  Brown*  also  thanked  the  President  for  his 
invitation  to  attend  the  first  presentation  to  a  technical  institution 
of  a  paper  on  the  Orkla  process.  Although  he  was  unable  to 
contribute  any  remarks  of  technical  value  he  would  like  to  make 
some  general  comments. 

When,  in  1905»  he  visited  the  smelters  at  Bio  Tinto  with  hi& 
father — the  late  Mr.  Nicol  Brown — ^who  commented  on  the  great 
loss  of  brimstone  issuing  from  the  chimney  stack,  he  little  thought 
that  20  years  later  he  would  become  associated  with  his  friend  Mr. 
N.  E.  Lenander — ^managing  director  of  the  Orkla  Company — in  the 
early  development  of  what  is  now  known  as  the  Orkla  process. 

Mr.  Lenander  told  him  of  the  encouraging  results  they  bad 
obtained  at  their  works  at  Oscarsham  on  the  Baltic  from  experi- 
ments on  the  practically  non-arsenical  pyrites  from  the  Orkla  mine 
and  how  his  company  wished  to  investigate  the  possibility  of 
extending  the  scope  of  the  process  to  pyrites  from  the  Peninsular 
containing  about  ten  times  more  arsenic. 

As  a  result  of  those  conversations  it  was  decided  to  erect  a 
cylindrical  furnace  at  Mina  de  S.  Domingos  in  Portugal  (operated 
by  Mason  and  Barry,  Ltd.)  but  that  was  not  a  success  although  some 
useful  information  was  obtained.  A  few  years  later  Mr.  Lenander, 
to  whom  all  credit  must  be  given  for  developing  the  process,  started 
his  first  pilot  plant  at  the  Orkla  mine,  where  he  invited  representa- 
tives of  the  Bio  Tinto  and  Mason  and  Barry  companies  to  see 
some  Bio  Tinto  and  San  Domingos  arsenical  ores,  which  had  been 
shipped  from  the  Peninsular  to  Norway,  put  through  the  pilot 
plant.  Accompanied  by  Mr.  B.  M.  Preston  and  the  late  Mr.  G. 
Wynter  Gray  he  went  to  Orkla  and  could  assure  the  audience  that 
it  was  a  great  moment  when  he  saw  bright  yellow  brimstone 
flowing  out  of  the  experimental  unit. 

He  remembered  on  the  way  home  Mr.  Gray  saying  to  him :  *  We 
have  a  smelter  at  Bio.  Tinto  and  we  are  going  on  with  this  process. 
You  have  not  got  a  smelter  at  San  Domingos  so  I  suggest  we 
should  let  you  know  our  experience  and  if  you  decide  to  go  ahead 
we  should  be  only  too  glad  to  help  you  *.  He  would  like  to  pay  a 
warm  tribute  to  the  broad-mindedness  of  that  Member  of  the 
Institution. 

The  reports  by  the  Bio  Tinto  Co.  being  satisfactory  and  there 
being  a  regular  demand  for  brimstone  for  use  as  an  insecticide  in 
the  wine  industry  of  Portugal,  the  first  of  two  brimstone  plants 
was  erected  at  S.  Domingos  in  1984,  the  average  production  being 
10,000-11,000  tons  annually. 

It  was  a  disappointment  that  the  catalyser  chamber  which  was 
embraced  in  the  first  unit  at  8.  Domingos  never  functioned,  as  the 
catalytic  mass  peeled  off  owing  to  the  high  arsenic  present.    Had 

*  Messrs.  Mason  &  Barry,  Ltd.,  London. 
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it  been  a  success  the  recovery  of  brimstone  would  have  exceeded 
70  per  cent,  and  he  was  glad  to  hear  that  evening  that  it  was  hoped 
sooner  or  later  to  overcome  that  problem. 

He  was  very  interested  to  hear  about  the  elaborate  washing - 
plant  employed  at  Bio  Tinto.  That  was  another  problem  at  S. 
Domingos  when  designing  the  first  unit — ^Should  they  adopt  such 
an  elaborate  washing  plant  as  at  Bio  Tinto  or  should  they  pass 
the  bad  coloured  viscous  brimstone  through  a  tank  and  wash  it 
with  milk  ol  lime  as  was  done  at  Orkla  when  dealing  with  practically 
non-arsencal  pyrites  ?  Tbey  took  the  chance,  and  except  on  the 
first  day*s  operation,  when  it  completely  failed,  the  washery 
at  S.  Domingos  had  never  given  the  slightest  trouble,  the  arsenic 
in  the  brimstone  exported  being  reduced  to  0*06  per  cent.  Dr. 
Lcivy  had  mentioned  that  arsenic  sulphide  was  non-poisonous  and 
so  far  they  had  never  had  any  complaint  on  that  score.  They  were 
thus  relieved  not  only  of  large  capital  expenditure  on  an  elaborate 
plant  but  working  costs  were  very  much  less  than  in  the  process 
used  at  Kio  Tinto.  That  was  not  a  criticism,  for  no  doubt  then* 
wt»re  good  reasons  why  Bio  Tinto  should  eliminate  arsenic  to  a 
minimum. 

The  fuel  mentioned  by  the  authors  was  coke,  but  war  conditions 
sometimes  demanded  alternatives,  and  at  8.  Domingos  for  some 
voars  charcoal  was  used  instead  of  coke,  which  was  unobtainable. 
As  far  as  a  non-technical  man  could  see,  it  worked  quite  satisfac- 
torily and  consumption  per  ton  smelted  was  as  low  as  coke.  Char- 
coal, however,  was  much  more  brittle  than  coke  and  there  was  a 
ffitod  deal  of  loss  in  fines  which  could  not  be  put  into  the  smelters. 

Zinc — always  a  bugbear  to  smelters — caused  their  managers 
considerable, trouble.  However,  a  remedy  was  found  which  was 
not  only  a  remedy  but  also  brought  in  a  satisfactory  revenue.  He 
rcftTred  to  the  substitution  of  gossan,  containing  approximately 
27  per  cent  of  ferric  oxide  and  63  per  cent  of  silica,  for  a  large 
proportion  of  ordinary  silica  flux  containing  about  95-98  per  cent 
of  silica.  That  not  only  helped  to  purge  the  zinc  but  ako  con- 
tributed some  gold  and  silver  to  the  copper  matte.  There  was 
one  more  problem  which  had  recently  been  tackled  by  the  Orkla 
company  and  some  years  ago  at  8.  Domingos.  He  referred  to 
making  the  slag — which  contained  about  40  per  cent  of  iron  and 
very  high  silica — into  a  suitable  product  for  the  iron  works.  Just 
before  the  war  quite  a  considerable  tonnage  was  shipped  from 
Norway  to  Germany  for  iron  smelting  but  the  circumstances  then 
were  quite  exceptional.  Ho  hoped  that  something  might  be 
evolved  in  that  respect  and  reported  upon  in  the  next  paper 
referred  to  by  Mr.  Lawford. 

Prof.  C.  W.  Dannatt  said  that  he  assumed  the  *  sulphur '  in 
the  furnace  feed  (Table  I)  to  be  the  residue  from  the  sulphur- 
washing  plant,  and  it  would  have  been  preferable  to  refer  to  it  as 
the  sulphur  residue.    It  was  slightly  confusing  to  see  in  this  Tahte 
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two  materials  with  identical  snlphor  contents. 

He  thought  the  authors  had  been  unfair  to  themselves  in  the 
footnote  to  Table  IV  where  they  suggested  two  methods  for  tho 
calculation  of  recovery.  Admittedly  the  difference  between  tho 
two  figures  (0*5  per  cent)  was  almost  insignificant,  but  the  hij^ 
figure  was  correct,  for  any  sulphur  recovered  from  the  seconduiee 
must  have  originated  in  the  primary  feed.  The  secondaries  m^y 
formed  a  '  circulating  load  '. 

He  had  been  unable  to  find  any  figure  for  arsenic  in  the  exit 
gases  and  he  asked  whether  the  authors  could  indicate  its  quantity. 
Presumably  it  would  be  far  too  low  to  cause  any  difficulty  if  those 
gases  were  catalysed.  He  was  interested  to  hear  that  catalysi? 
of  the  gases  was  under  consideration  for  he  understood  that  a 
double  catalytic  treatment  was  given  at  Orkla  and  that  it  was 
lughly  successful.  The  chief  problem  would  appear  to  be  tho 
provision  of  additional  heat  to  the  exit  gases  before  catalysis  but., 
as  the  temperature  required  was  not  hi{^,  it  might  prove  possible 
to  arrange  some  system  of  heat  exchange.  In  that  connection 
there  was  another  point  of  interest. 

The  authors  stated  (p.  2)  that  '  the  aim  of  the  process  is  to 
produce  as  much  sulphur  dioxide  as  possible  at  the  focus  '.  That 
could  be  done  by  increasing  the  oxygen  supply  or  by  decreasing 
the  coke,  but  the  latter  alternative  would  give  less  carbon  monoxide 
for  reaction  with  the  larger  amount  of  sulphur  dioxide.  The  former 
alternative  would  mean  stronger. blast.  Oh  p.  8  the  authors  stated 
that  '  the  high  temperature  zone  does  not  extend  for  a  sufficient 
distance  above  the  focus  to  give  efficient  reduction '.  That  zone 
could  be  extended  by  increased  blast,  possibly  using  an  additional 
row  of  tuyeres  above  the  existing  ones.  The  objection  to  the  use 
of  stronger  blast  was  that  it  would  give  a  *  hot  top  '  and  there 
was  *  a  limit  to  the  temperature  of  the  gases  entering  the  Cottrells  ' 
(p.  25).  The  advantages,  however,  were  evident  and  if  the  excess 
heat  in  the  furnace  gases  could  be  transferred  to  the  exit  gases 
prior  to  their  catalysis,  there  should  be  an  important  increase 
in  recovery. 

Mr.  Stanley  Robson  said  that  he  spoke  without  the  full  study 
of  the  paper  which  it  doservod.  He  would,  however,  like  to  say 
how  much  he  appreciated  that  and  tho  other  papers  recently 
presented  to  the  Institution  by  tho  Rio  Tin  to  stafif,  in  all  of  which 
they  had  given  their  methods  and  descriptions  of  equipment  in 
detail,  and  also  their  own  explanation  of  how  the  several  processes 
worked.  Such  papers  remained  of  permanent  value  even  if  later 
conclusions  did  not  agree  with  the  views  which  were  then  expressed. 
In  the  paper  under  discussion  the  authors  had  ventured  to  give  their 
ideas  on  the  reactions  which  took  place  in  a  blast  furnace  and 
when  one  remembered  the  many  discordant  views  as  to  the 
reactions  which  wont  on  in  tliat  type  <)f  oquipniont,  one  realizocj 
that  some  c()iirag(»  had  boon  shown. 
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That  WAS  particularly  true  in  the  present  case,  as  the  so-called 
ooae  or  labile  atom  of  sulphur  of  iron  pyrites  FeS^  was  capable 
mder  suitable  temperature  conditions  of  being  reduced  to  FeS 
kod  additional  chemical  possibilities  were  therefore  superimposed 
>n  the  reactions  which  occurred  in  an  ordinary  iron  blast-furnace 
operation.  The  authors  pointed  out  the  probability  that  the  final 
>roduct  of  the  thermal  dissociation  of  the  FeS^  in  the  Bio  Tinto 
>last  furnace  would  not  be  FeS  but  a  substance  of  the  formula 
-^<^8n  +  1  where  n  =  7.  It  was  to  be  noted,  however,  that  a 
vhole  range  of  iron  sulphides — Fe3S4,  Fe^8^,  Ve^S^,  ^e^i  up  to 
^^^is^ia — ^  ^^  which  were  said  by  sponsors  of  repute  to  have  been 
«;parately  isolated,  might  therefore  exist  at  various  levels  in  the 
!urnace,  and,  of  course,  in  any  shaft  furnace  under  blast  there  was 
i  great  irregularity  in  the  temperature  and  pressure  zones,  and  in 
he  distribution  of  the  products  within  the  equipment  even 
lorizontally  as  well  as  vertically. 

Ill  general  he  did  not  feel  that  a  paper  in  which  a  precise  analysis 
>f  the  chemical  reactions  was  attempted  was  complete  if  it  was 
lasod  solely  on  gravimetric  factors.  A  thermodynamic  survey  was 
lecessary  to  prove  the  probability  of  many  of  the  reactions  which 
ivere  suggested,  but  that  was  almost  impossible  in  the  present 
[)ap6r  as  the  calculations  would  be  too  involved,  and  one  had, 
therefore,  to  be  guided  by  deductions  on  such  evidence  as  was 
Available.  The  authors  had  realized  that  limitation  very  clearly 
ind  put  many  reservations  on  their  conclusions.  \^en  one 
remembered  that  many  years  ago  even  Lothian  Bell  had  wrongly 
issumed  that  the  ratio  of  CO  :  CO2  of  2  :  1  in  the  exit  gas  from  an 
iron  blast  furnace  was  necessary  for  best  smelting  conditions, 
basing  his  conclusion  on  what  appeared  to  "be  straight-forward 
L'hemical  reasoning,  and  that  in  recent  years  the  latest  experience 
fiad  reduced  the  CO  :  CO2  ration  to  1*4 : 1,  it  would  be  seen  that 
the  authors  were  justified  in  avoiding  more  specific  claims  than 
they  made. 

The  authors  stated  that  the  reGCWery  of  55  per  cent  of  the  sulphur 
available  in  the  pyrites  in  the  form  of  brimstone  was  a  low  figure. 
That  that  was  the  case  was  clear  whatever  the  chemical  explanation 
might  be,  but  Mr.  Lawford,  in  his  introduction  to  the  paper, 
pointed  out  that  the  Bio  Tinto  Co.  was  concerned  with  economic 
recoveries  and  it  was  from  that  point  of  view  that  the  metallurgist 
liad  directed  his  attention  to  the  problem.  It  was  true  that  there 
were  processes  which  made  a  much  higher  recovery  of  sulphur  in 
wliich  the  first  stage  was  the  isolation  of  the  SO2  from  the  furnace 
f^as.  The  merit  of  the  Orkla  method  under  Bio  Tinto  conditions, 
liowever,  was  that  a.  yield  of  as  much  as  3  tons  of  sulphur  per  ton  of 
Koke  was  obtained,  compared  with  2  tons  of  sulphur  per  ton  of  coke 
by  those  other  processes.  He,  indeed,  doubted  whether  the 
authors  in  their  modesty  had  not  under-stated  the  position.  *  The 
price  of  coke  in  many  cases  being  very  high,  the  importance  of 
economy  in  its  use  was  very  great,  and  the  process  described  took 
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full  advautago  of  that  fact. 

The  main  loss  of  sulphur  appeared  to  bo  in  tho  final  gases.  Froui 
the  analysis  given  in  the  paper  it  seemed  that  the  exit  contained 
about  8  per  cent  SO^,  0-4  per  cent  H^S,  0*75  per  cent  C8|,  and 
0*2  per  cent  COS  by  volume.  It  occurred  to  him  that  some  thou^t 
should  bo  given  to  the  recovery  of  the  CSg  as  such.  Sulphur  iu 
that  form  was  much  more  valuable  than  sulphur  as  brimBtone,  aud 
it  seemed  possible  that  some  process  of  absorption  mi^t  b 
conceived  which  would  be  economic.  Carbon  bisulphide  was  used 
in  the  processes  for  making  rayon  and  a  very  large  tonnage  d 
sulphur  was  used  for  that  purpose.  If  the  CS^  was  present  in  thi* 
exit  gases  in  the  quantity  reported,  and  if  it  was  proved  that  thi^ 
use  of  more  coke  would  increase  its  production,  it  might  be  worth 
wliile  considering  an  increase  in  its  production  by  that  means  as 
an  integral  part  of  the  operation. 

He  would  not  comment  on  the  means  used  for  the  purificatioD  uf 
tho  sulphur  other  than  to  express  an  appreciation  of  the  neatness 
of  the  operation.  To  start  with  a  material  containing  2  per  cenl 
arsenic  and  by  relatively  simple  means  to  finish  with  a  final  product 
containing  not  more  than  five  parts  per  miUion  was  good  work.  li 
was  a  pretty  process  and  the  Rio  Tinto  Company  were  to  ^ 
compUmented.  The  iufiueuce  of  the  arsenic  on  the  whole  of  the 
processing  from  the  ore  to  the  final  sulphur  was  also  of  great  interest 
and  had  been  fully  described. 

He  noted  that  the  authors  believed  that  the  carbon  was  removed 
ill  the  lower  zones  of  the  furnace  and  not  in  the  upper  zones  aud 
llial.  a  lengthened  lower  zone  would  help.  He  was  not  sure,  however, 
that  the  steps  which  were  forecast  for  the  improvement  of  thr 
process  covered  all  possibilities.  He  would  have  thought  that  one 
way  of  increasing  the  hot  zone  of  tho  furnace  was  to  put  iu  more 
heat  units  by  pre-heating  the  blast.  Also,  while  he  appreciated 
that  it  was  impossible  to  pre-heat  the  pyrites  itself  to  any  extent, 
it  might  be  possible  to  pre-heat  to  a  relatively  low  extent,  say 
200' C.,  without  bringing  in  all  the  difficulties  which  Mr.  Jjawford 
had  imagined.  If  these  steps  were  taken  they  would  ccTtainly  add 
more  heat  units  and  so  increase  the  hot  zone  and  improve  the 
operation. 

Another  (hing  which  occurred  to  him  was  that  the  exit  gasi^, 
after  suitable  cleaning  with  or  without  removal  by  absorption  uf 
materials  Hke  CS2,  could  be  recirculated  througli  appropriate  heat 
exchangers  into  the  furnace  itself.  There  would,  of  course,  have  to 
be  a  *  blc^ed  off '  as  simple  arithmetic  indicated,  but  it  might  be 
possible  by  that  means  to  increase  the  final  yield  of  sulphur  to  an 
(*xtent  comparable  with  the  addition  of  a  catalyst  stage  capable  of 
a  50  per  cent  efficiency.  He  was  very  conscious  that  his  was  a 
rather  scrappy  contribution  to  the  discussion  of  a  paper  which 
merited  much  more  close  attention  than  he  had  been  able  so  far 
to  give  it.  He  also  appreciated  the  reference  made  to  Mr.  Salkield 
with  whom  he  had  some  association  some  years  ago. 
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The  President  said  that  as  it  was  getting  lato  he  hoped  the 
iiuthors  would  agree  to  reply  in  writing  later. 

The  discussion  had  been  extremely  interesting  and  further 
written  contributions  would  be  most  welcome.  He  thanked  the 
authors  for  their  excellent  paper. 


CONTKIBUTED  REMARKS 


Mr.  £•  Rich :  Having  been  associated  with  the  8.  Domingos 
plant  from  its  inception  and  for  a  number  of  years,  and  on  many 
occasions  having  had  the  pleasure  of  technical  discussions  with 
the  authors  on  this  process,  I  am  intensely  interested  in  any 
improvements  that  may  arise  in  the  future,  as  I  feel  that  the  process 
as  a  whole  presents  a  very  large  field  for  development  before 
attaining  eventual  perfection  as  a  means  of  recovering  sulphur  and 
uther  valuable  products  from  massive  pyrites. 

My  days  as  superintendent  of  the  above  plant  were  spent  in  a 
constant  struggle  to  improve  the  recovery  efficiency  and  iti  dealing 
with  a  multitude  of  difficulties  and  problems  which  otherwise  could 
be  regarded  as  a  chemical  engineer's  paradise  !  hi  fact,  the  advice 
of  a  Norwegian  friend  will  always  be  remembered  to  the  eflfect  that 
if  I  looked  after  the  mechanical  and  electrical  sides  the  chemical 
would  look  after  itself ! — hardly  as  simple  as  all  that,  but  true  up 
to  a  point,  which  experience  showed  was  the  hmit  we  could  ever 
lio])e  to  attain  with  the  particular  design  of  plant  installed.  That 
limit  appeared  to  be  a  final  maximum  recovery  efficiency  of  about 
(JO  per  cent  of  the  sulphur  in  the  ore,  being  based  on  refined  sulphur 
ruady  for  the  market. 

Such  a  figure,  though  considered  good  practice  in  view  of  the 
very  disturbing  effects  caused  by  the  presence  of  zinc,  arsenic  and 
load  in  the  ore,  compares  with  a  considerably  greater  recovery 
regularly  obtained  at  Orkla,  where  the  most  disturbing  element 
uf  the  above  three,  namely  arsenic,  is  practically  absent.  As  the 
authors  aptly  point  out,  therefore,  it  has  long  been  felt  that  the 
conventional  type  of  water-jacketted  copper  blast  furnace  is  not 
the  most  suitable  apparatus  in  which  to  treat  massive  pyrites  of 
tlie  types  generally  found  in  the  Iberian  Peninsula.  Nevertheless, 
that  type  of  furnace  has  given  satisfactory  results  at  Orkla,  though 
a  modified  type  would  possibly  give  the  same  recovery  but  at  a 
cheaper  cost  of  producing  the  sulphur. 

The  principal  reason  for  such  a  divergence  in  the  recoveries  is 
to  be  found  in  the  relative  amounts  of  volatile  sulphur  to  be  obtained 
from  each  type  of  ore,  this  averaging  about  170  kg./ton  for  Orkla 
ore  and  up  to  220  kg./ton  for  Iberian  pyrites.  The  former,  more- 
over, contains  only  traces  of  arsenic,  compared  with  anything  up 
to  0*8  per  cent  in  the  latter,  a  fact  which  also  exercises  a  considerable 
influence  on  the  readiness  with  which  the  volatile  sulphur  is  driveiv 
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off  by  heatiug.    The  diBtillation  of  this  sulphur  ia  the  upper  lonos 
of  the  smelting  column  constitutes  one  of  the  chief  phases  in  the 
process,  and  one  which  profoundly  affects  the  whole  series  of 
subsequent  chemical  reactions  taking  place  in  the  smelting  sone  or 
focus  of  the  furnace.    The  time  necessary  and  heat  required  to 
drive  off  this  sulphur  so  control  the  remainder  of  the  process  that 
all  efforts  to  improve  the  efficiency  of  reduction  of  SOf  by  carbon 
Hhould  be  preceded  by  alleviating  in  the  first  instance  the  work  of 
distilling  off  the  free  atom  sulphur.    As  far  as  can  be  ascertained, 
oxperimental  evidence  indicates  that  the  upper  limit  of  the  focus 
or  heat -generating  zone  of  the  furnace  does  not  extend  to  more 
than  4  ft.  above  the  tuyeres,  the  remaining  12-18  ft.  of  column 
being  used  by  the  charge  in  absorbing  heat.   As  the  authors  indicate, 
there  is  therefore  insufficient  contact  time  for  all  the  coke  to  bum 
in  SO2,  or,  expressed  differently,  there  is  an  insufficient  temperature 
prevailing  to  allow  this  reaction  to  proceed  briskly.    The  result  iH 
that  what  reduction  of  SOf  there  is  takes  place  chiefly  by  means  of 
CO,  a  substantial  amount  escaping  reduction  altogether  and  finding 
its  way  into  the  waste  gases.    Furthermore,  a  good  deal  of  thi*^ 
coke  burns  directly  to  CO2  and  is  lost  as  such ;  in  fact,  unless  spme 
coke  does  burn  in  oxygen  at  the  tuyeres,  insufficient  heat  is 
generated  in  the  focus  and  recoveries  drop  along  with  the  through- 
put.   It  is  therefore  almost  axiomatic  to  state  that  if  we  can  increase 
the  focus  temperature,  and  the  contact  time  of  SO^  and  carbon  at 
this  temperature,  we  shall  more  nearly  approach  the  best  recovery 
possible  by  using  only  1  atom  of  carbon  per  atom  of  sulphur 
produced,  from  direct  reduction  of  SOj  ;    in  other  words'  by  the 
simple  equation  SO,  +  C  =  CO,  +  S. 

As  the  authors  have  stated,  however,  the  possibiUty  of  dohig 
I  his  by  increasing  the  coke  on  the  charge  does  not  pay,  as  it  results 
ill  less  oxidation  of  ferrous  sulphide  owing  to  the  hot  carbon  having 
a  much  greater  affinity  for  the  oxygen  of  the  blast  than  the  molten 
f(^rrous  sulphide.  On  the  other  hand,  it  follows  from  this  that  if  all 
1  he  oxygen  of  the  blast  is  used  in  oxidizing  sulphides  and  does  not 
(M)nfact  any  carbon  in  the  first  instance,  then  all  the  sulphur 
dioxide  reduced  will  be  recovered  by  the  above  equation,  i.e.  in  the 
carbon /sulphur  rati(^  of  1  :  1,  even  if  some  of  the  CO,  produced 
by  that  reaction  should  bo  subsequently  broken  down  to  CO. 

The  iiext  possibility  is  to  increase  the  intensity  of  oxidation  by 
supplying  more  oxygen,  but  while  that  doubtless  increases  the 
focus  temperature  it  reduces  the  contact  time  owing  to  the  higher 
^as  velocities  produced,  if  air  is  used  as  the  source  of  the  oxygen. 
The  alternative  to  prevent  the  latter  evil  would  be  to  use  an  oxygen- 
enriched  blast,  but  its  high  cost  would  probably  make  such  a 
procedure  uneconomical,  and  not  as  satisfactory  as  another 
|)ossibility  referred  to  later.  Furthermore,  increasing  the  blast 
excessively  will  result  in  some  of  the  distilled  sulphur  being  burnt 
owing  to  penetration  of  oxygen  high  up  in  the  column.  Thus, 
there  is  an  optimum  amount  of  oxygen  which  any  one  furnace  will 
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take,  this  figure  varying  little  up  or  down  from  350  kg.  per  ton  of 
pyrites  in  the  Orkla  process  to  probably  as  much  as  660  kg.  for  the 
purely  pyritic  smelting  process  employed  at  Mt.  Lyell  many  years 
ago.  That  high  figure  was  no  doubt  arrived  at  by  trial  and  error, 
and  explains  why  it  is  noji  possible  to  recover  sulphur  by  smelting 
purely  pyritically  with  a  minimum  of  coke,  seeing  that  there  is 
more  than  enough  oxygen  to  satisfy  the  amount  of  coke  and  ferrous 
sulphide  available.  The  balance  of  the  oxygen  then  consumes 
volatile  sulphur,  the  uncombined  sulphur  remaining  in  the  largo 
volume  of  gas  emitted  being  too  dilute  to  be  cleaned  effectively  in 
the  electrostatic  precipitators,  and  thereby  fouling  the  condensers 
which  follow. 

Finally,  hot  blast  might  be  used  in  an  attempt  to  increase  the 

focus  temperature,  but  that  would  certainly  be  accompanied  l)y  a 

Hubstantial  increase  in  gas  volume  for  the  same  amount  of  oxygen 

per  ton  of  ore  smelted.    That  in  its  turn  would  cause  increased  gas 

velocities  and,  therefore,  reduced  contact  times.     Moreover,  the 

liot  blast  would  no  doubt  tend  to  promote  simple  melting  of  ferrous 

:inonosulphide  without  supplying  the  requisite  oxygen  for  smelting 

it  at  the  same  time,  the  result  being  an  increased  flow  of  dihite 

matte.    One  has  thus  to  bear  always  in  mind  that  the  principal 

smelting   action   taking   place   inside   the   furnace,   namely   the 

«r>xidation  of  the  ferrous  sulphide,  depends  largely  on  the  rate  of 

;j)ercolation  of  that  product  when  molten  over  the  silica  skeleton. 

n^his  is  entirely  dependent  on  gravity  and  cannot  be  altered,  hence 

l)last  volumes  can  only  be  varied  within  a  moderately  narrow  range. 

It  is  therefore  significant  that  the  best  results  from  the  Orkla 

S umace  are  generally  obtained  during  periods  of  frosty  weather, 

^when  air  temperatures  are  below  freezing  and  the  moisture  content 

"is  down  to  about  8  g./cu.  m.    Eecoveries  and  throughput  during 

^hose  conditions  are  normally  better  than  they  are  during  the 

summer  months  when  the  air  temperature  is  up  to  40°C.  and  the 

moisture  up  to  10  g./cu.  m.    A  chilled  blast  is  thus  to  be  preferred 

to  a  hot  one,  as,  volume  for  volume,  it  allows  a  greater  weight  of 

oxygen  to  be  supplied  per  unit  of  time  and  furnace  area. 

The  conditions  to  be  satisfied,  therefore,  are  such  that  a  high 
focus  of  heat  must  be  maintained  conjointly  with  a  low  gas  velocity 
in  the  column,  so  that  a  high  percentage  of  the  carbon  charged  shall 
reduce  the  80^  formed  in  the  carbon /sulphur  ratio  of  1  : 1 ,  and  not 
2  :  1  as  happens  when  CO  is  the  sole  reducing  agent.  It  would  thus 
appear  that  one  of  the  first  steps  to  be  taken  to  achieve  this  object 
is  to  assist  as  many  of  the  endothermic  reactions  as  possible  by 
external  heat  and  hence  to  assure  the  charge  entering  the  focus  at 
a  substantially  higher  temperature  than  at  present.  As  already 
mentioned,  the  distillation  of  the  free  atom  snlphul:  is  by  far  the 
most  endothermic  reaction  in  the  process  and  some  observations 
on  it  may  be  of  interest. 

Let  us  consider,  therefore,  what  happens  when  a  st(me  of  cold 
pyrites  drops  into  a  furnace  wh(Te  the  temperature  is  standing  aV 
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about  400°C.  and  the  concentration  of  sulphur  vapour  runs  at 
about  200  g./cu.  m.  of  gas  at  N.T.P.  There  must  be  an  immediate 
condensation  of  sulphur  on  that  lump,  contaminated  to  a  greater 
or  lesser  degree  with  anything  up  to  8  per  cent  of  arsenic,  or  say 
G  per  cent  of  the  equivalent  pentasulphide  in  which  form  that 
element  is  carried  by  the  gases.  This  film  of  arsenical  sulphur  will 
adhere  to  the  lump  during  the  whole  time  that  its  temperature  is 
being  raised,  the  concentration  of  the  arsenic  gradually  increasing 
until  a  point  is  reached  when  the  film  is  almost  entirely  arsenic 
pentasulphide,  which  on  further  heating  continues  to  lose  sulphur 
until  the  trisulphide  is  formed.  That  film  finally  gets  driven  off  at 
about  700^0.  It  would  therefore  appear  that  the  transfer  of  heat  to, 
and  the  free  evolution  of  the  volatile  sulphur  from  the  stone  an^ 
hindered  by  this  film  of  condensate  forming  on  it.  Furthermore*, 
the  arsenical  sulphur  going  through  a  pasty  form  in  the  early  stages 
of  its  condensation  no  doubt  serves  as  a  means  of  collecting  dust 
particles,  which  will  cause  the  film  to  thicken.  Conditions  aro 
therefore  quite  adverse  to  a  rapid  dissociation  of  the  pyrites,  which 
will  necessarily  sink  well  down  in  the  column  before  aU  the  volatilt* 
Hiilphur  has  been  lost. 

In  an  effort,  therefore,  to  formulate  an  idea  as  to  how  long  under 
varying  degrees  of  heat  it  would  take  for  the  free  atom  sulphur 
to  leave  lump  pyrites,  I  carried  out  a  series  of  experiments  consist- 
ing of  heating  samples  of  pyrites  out  of  contact  with  air  by  being 
immersed  in  fine  charcoal.  The  thickness  of  the  charcoal  surround- 
ing these  specimens  averaged  25  mm.  and  the  specimens  themselvi'S 
were  taken  at  random  and  roughly  broken  down  to  60  mm.  cubos. 
being  then  placed  in  thin  steel  boxes  with  ample  provision  for  frn^ 
evolution  of  gases.  The  boxes  were  inserted  into  an  oil-tired 
furnace,  pyrometer  controlled,  and  heated  at  definite  temperatun-s 
for  known  periods.  On  completion  of  the  tests,  the  box*^s  wero 
removed  from  the  furnace  and  allowed  to  cool,  the  ore  contents 
being  separated  from  the  charcoal  and  assayed.  It  is  fully  realized 
that  the  conditions  were  not  similar  to  those  prevailing  in  the  blast 
furnace,  the  emulation  of  which  on  a  laboratory  scale  was  more  than 
could  be  managed  at  the  time.  On  the  other  hand,  when  it  is 
realized  that  the  boxes  overall  measured  only  120  mm.  cube,  tliat 
their  contents  were  not  subjected  to  the  deposition  of  an  arsenical 
film,  and  that  there  are  many  lumps  of  ore  in  the  charge  which  slto 
equivalent  200  mm.  cubes,  then  it  is  reasonable  to  suppose  that 
Ihe  box  and  contents  would  be  equivalent  to  the  average  piece  of 
pyrites  in  the  charge. 

In  every  case  therefore,  the  boxes  were  placed  in  a  cold  furnace 
and  gradually  brought  up  to  the  required  temperature,  the  furnace 
being  then  kept  at  this  heat  for  the  determined  period,  varying  from 
2  to  6  hours.  The  first  series  consisted  in  heating  groups  of  4 
specimens  for  2  hours  at  temperatures  of  600*^,  700**  and  SOO^'C. 
respectively,  the  sulphur  assays  before  and  afterwards  being  as 
follows : 
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Temferaiure 

Per  cent  S  before 

Per  cents  after 

heating 

heating 

eoo^c. 

49-8 

47-6 

700**C. 

47-2 

44-1 

800**C. 

46*8 

41-0 

The  second  series  consisted  in  heating  a  further  group  of  8  specimens 
to  800^0.  for  4  hours,  the  result  being  for  each  individual  specimen  : 
Weight  of  cold  Per  cent  S  before  Per  cent  S  after 

specimen,  g.  heating  heatvng 

1810  47-6  88-2 

1885  48-7  87-8 

1215  49*6  88-8 

The  above  experiments  quickly  led  to  the  conclusion  that  some 
specimens  appeared  to  give  up  their  volatile  sulphur  more  readily 
than  others,  and  as  this  may  have  been  due  to  variations  in  their 
original  sulphur  contents  a  further  series  of  tests  was  then  carried 
out  on  samples  spalled  off  the  same  *  mother  'specimens.  This 
therefore  gave  a  greater  degree  of  homogeneity,  and  the  heating 
was  then  carried  ou^  for  1  hour  only  on  the  first  specimen,  2  on  the 
second,  8  on  the  third  and  4  hours  on  the  last,  the  complete  group 
being  put  into  the  furnace  simultaneously  and  the  time  counted 
from  the  moment  when  the  temperature  had  reached  the  desired 
limit.  The  results  were  as  given  in  Table  IX,  all  the  heating 
being  at  800**C. 


Table  IX 

Weight  of  cold 

m 

epecvmen, 

9- 
Brd  series     1048 

Tim£  of 

heating, 

hr. 

1 

Per  cents  before 
heating 

50-4 

Per  cents 
heatin 

48-7 

1088 

2 

494 

42-6 

1030 

8 

49-0 

88-2 

1028 

4 

49-1 

87-8 

4th  series 

880 

1 

49-7 

49-2 

1018 

2 

50-0 

46-4 

820 

8 

501 

89*4 

1010 

4 

50-5 

36-7 

5th  series 

1028 

1 

50-0 

47-2 

988 

2 

49-6 

89-4 

1022 

8 

49-8 

87-6 

1047 

4 

501 

86-9 

Further  work  of  this  nature  was  then  undertaken  at  lower 
temperatures,  it  being  revealed  that  complete  removal  of  all  the 
available  volatile  suphur  at  650^0.  would  take  8  hours,  and  6  hours 
for  its  evolution  at  750°C.  It  may  therefore  be  inferred  that  the 
complete  dissociation  of  the  pyrites  in  the  smelting  column  will 
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take  a  minimiiTn  of  4  hours  and  possibly  as  muoh  as  8  boms  in  s 
fomaoe  nmning  *  oold  '.   With  the  top  Uien  at  400^C.  and  a  fooos 
upper  limit  at  say  lOOO^C,  the  mean  is  about  700^0.,  so  we  may 
oondude  that  many  pieces  of  pyrites  in  the  ohazge  most  be 
subjected  to  a  full  6  hours'  heating  before  they  can  e£Feotiyely  lose 
all  volatile  sulphur.    The  average  rate  of  descent  of  the  charge  is 
some  2  ft./hr.,  hence  about  12  ft.  of  the  charge  column  must  be 
traversed  by  the  ore  before  all  the  volatile  sulphur  is  evolved. 
Practical  experience  coupled  with  the  low  SOg  reduction  effioieiiey 
very  often  encountered  leads  one  to  the  conclusion  that  dissodatioD 
is  in  fact  taking  place  all  the  way  down  the  column  and  frequmitly 
has  not  ended  by  the  time  the  upper  limit  of  oxygen  penetratioo 
has  been  reached.    Burning  of  volatile  sulphur  in  oxygen  of  the 
blast  can  then  take  place.    It  will  now  be  clear  that  in  addition  (o 
dissociation  taking  so  long,  with  the  resulting  likelihood  of  bumiog 
volatile  sulphur,  one  has  to  contend  with  the  general  cooling,  down 
effect  such  as  endothermic  action  has  on  the  contents  of  the  whole 
charge  column.     This  cooling  effect  causes  all  the  charge  con- 
stituents to  enter  the  focus  comparatively  cold,  chief  amongst  them 
at  this  stage  being  the  silica,  which  is  insufficieAtly  hot  on  entering 
the  oxygen  zone  to  react  strongly  with  any  ferrous  sulphide 
oxydized  in  trickling  over  its  surface.    That  explains  why  at  times 
silica  will  be  found  to  accumulate  in  the  furnace,  and  is  one  of  the 
direct  results  of  a  cold  focus.    Such  is  the  picture  with  regard  to 
the  dissociating  pyrites — to  be  followed  by  a  similar  thoi]^  less 
adverse  set  of  conditions  established  by  the  dissociation  of  the 
limestone.    This  reaction  starts  at  about  800^0.  and  is  completed 
at  just  over  lOOO^'C.,  the  time  necessary  being  about  half  that  for 
an  equal  sized  piece  of  pyrites.    Hence  it  would  appear  that  the 
limestone  takes  over  when  the  pyrites  has  finished  and   thus 
contributes  further  towards  keeping  the  upper  limit  of  the  focus 
at  a  relatively  low  temperature. 

The  combination  of  all  these  effects,  increased  by  that  of  normal 
heat  exchange  from  the  rising  stream  of  hot  gases  into  the  remainder 
of  the  descending  charge  column,  results  in  that  column  acquiring 
a  depth  which  varies  little  up  or  down  of  17  ft.,  when  the  rate  of 
charging  is  regulated  so  as  not  to  allow  the  top  temperature  to  drop 
below  400^0.  Those  are  the  conditions  prevailing  under  normal 
circumstances  with  the  Iberian  ores  ;  occasionally  it  is  possible  to 
drop  the  top  temperature  to  350°C.  and  thus  obtain  a  slightly 
improved  recovery  which  results  from  the  colunm  deepening  to 
about  18  ft.  and  a  better  heat  exchange  being  obtained.  Unforeseen 
and  unpredictable  increases  in  the  arsenic  content  of  the  ore  soon 
make  a  change  back  to  the  higher  temperature  necessary,  otherwise 
there  is  a  risk  of  bringing  about  an  accumulation  of  condensed 
arsenic  at  the  top  of  the  charge,  resulting  in  restriction  of  the  gas 
flow.  So  far,  therefore,  moderate  increases  in  the  volume  of  blast 
commensurate  with  furnace  dimensions  have  not  given  veiy  marked 
improvements  in  recovery  and  it  would  seem  that,  as  already 
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lentioned,  to  create  a  deeper  column  and  thus  increase  both  focus 
dmperatures  and  contact  times,  the  endothermic  reactions  taking 
lace  should  be  assisted  by  heat  applied  from  sources  other  than 
[le  focus  of  the  furnace. 

To  apply  any  such  heating  process  to  the  cold  charge  by  means 
f  a  retort  type  of  furnace  such  as  is  used  for  coke  manufacture 
^ould  be  very  costly.  We  are  therefore  led  to  investigate  the 
ossibilities  of  utilizing  the  waste  heat  carried  away  in  the  final 
aseous  effluent  of  the  process,  and  this  would  appear  to  be  all  the 
lore  attractive  when  it  is  realized  that  such  an  effluent  is  almost 
Qtirely  arsenic-free  and  hence  would  lend  itself  readily  to  catalysis 
rhen  it  is  heated  up  to  say  850^0.  and  provided  the  GS^  :  80^  ratio 
\  suitable.  For  reasons  which  the  authors  have  clearly  set  out,  it  is 
ot  possible  to  catalyse  any  of  the  gases  in  their  passage  from 
lie  furnace  to  the  condensers  owing  to  their  arsenic  content,  but 
ich  gases,  once  rid  of  this  contaminating  element,  are  readily 
andled.  It  would  seem,  therefore,  that  the  heat  to  be  imparted 
3  them  for  this  purpose — which  must  come  from  external  sources — 
ould  be  utilized  in  preheating  the  cold  charge  rather  than  being 
lore  or  less  wasted  in  generating  steam — this  in  order  to  reduce  the 
3mperature  to  a  point  where  the  liberated  sulphur  may  be  collected 
y  condensation,  and  precipitation  in  an  electrostatic  filter. 

A  study  of  the  heat  requirements  for  such  a  step  reveals  that  all 
he  charge  could  be  warmed  up  to  about  260°C.  by  merely  blowing 
eated  waste  gas  through  it  after  passage  through  a  catalyser. 

This  would  leave  the  charge  as  a  final  gaseous  effluent  at  about 
4rO°C.  or  at  the  same  temperature  as  it  leaves  the  plant  now 
rithout  any  catalyser.  The  cold  charge  would  no  doubt  collect  a 
ery  small  amount  of  the  precipitated  sulphur  in  the  catalysed 
ases,  and  if,  after  so  doing,  it  passed  directly  into  the  smelting 
iimace  proper,  such  sulphur  would  be  evaporated  along  with  the 
olatile  sulphur.  The  result,  however,  would  be  that  with  all  the 
barge  entering  the  furnace  at  250^0.  the  colunm  would  at  once 
eepen  to  a  depth  estimated  at  between  25  and  30  ft.  if  the  same 
irnace  exit  gas  temperature  of  400°C.  were  maintained.  The  heat 
arried  into  the  furnace  by  the  warmed  charge  per  ton  of  ore 
melted  is  calculated  at  68,000  cal.  and  compares  with  108,000  cal. 
squired  by  the  combined  heats  of  dissociation  of  the  pyrites  and 
le  limestone.  More  than  half  the  total  heat  required  for  the 
ndothermic  reactions  taking  place  would  therefore  be  supplied, 
ad  in  addition  the  complete  charge  would  be  dried. 

The  final  effect  on  the  focus  temperature  of  smelting  a  preheated 
large  and  one  entirely  devoid  of  moisture  would  be  to  raise  the 
jmperature  there  considerably,  say  as  much  as  150°C.  That  incre- 
lent  is  all  added  to  what  must  be  at  present  a  small '  differential ' 
•  the  driving  force  behind  the  affinity  of  SO,  for  the  hot  carbon, 
his  affinity  should  be  increased  as  a  result.  It  is  beheved  that 
ich  a  modification  in  the  process  would  enable  recoveries  of 
)  per  cent  of  the  sulphur  in  the  ore  to  be  regularly  obtained  from. 


■^     J 
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the  fnmaoe  akme  and  the  prooeM  made  lew  sabjeot  than  H  »  ai  * 
present  to  variationB  in  the  yolatile  snlphnr,  anenie  and  moiataia 
contents  of  the  ehiurge  being  smelted.   Also — and  not  hj  may  means 
a  minor  consideration — a  more  active  foeos  would  result  in  a  hifl^MPT 
grade  of  matte  bein^  produced,  the  manipnlation  at  the  toiaaoa  j 
for  such  a  result  bemg  easier  and  the  extra  snlphnr  dioxide  sa  r 
released  being  more  actively  reduced,  owing  to  the  pravaiUng 
higher  temperatures. 

The  authors'  concluding  remarks  in  their  paper  are  thereloie 
very  much  to  the  point  in  that  there  is  much  room  for  imptovamiBiii 
and  research  in  this  most  interesting  process.    At  the  momant  we 
are  primarily  concerned  with  improving  the  furnace  reoovecy  of 
the  sulphur  and  in  the  application  of  catalysis  to  the  waste  gases. 
Following  on  that,  there  is  a  substantial  amount  of  sulphur  to  be 
recovered  from  the  washery  effluent  at  present  going  to  waste,  tUa 
basically  alkaline  solution  readily  reacting  with  uie  aoidie  final   ^ 
waste  gases  to  extract  some  of  the  sulphur  carried  by  each.    The 
eventual  economic  realization  of  all  these  possibihties  should  enable  .i 
recoveries  of  76  per  cent  to  be  obtained,  and  much  interest  wiD 
be  aroused  by  a  further  paper  on  such  developments,  and  on  any    i 
others  in  the  big  field  which  by-products  may  occupy  in  the  fatine. 
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INSTITUTION   NOTES 


Members  of  Council 

Tlie  Council,  at  their  meeting  held 
on  0th  June,  1949,  deciriod  to  co-opt 
Mr.  E.  D.  McDermott,  Mr.  Thomas 
Pryor,  Dr.  S.  W.  Smith  and  Professor 
S.  J.  Truscott,  Fast-Pratidentft^  as 
Members  of  Council  for  the  Session 
1949-50,  under  the  provisions  of 
Bye-law  23.  A  full  list  of  Council  and 
Officers  of  the  Institution  is  pub- 
lished facing  the  contents  page  (i). 

Election  of  Members  of  Council 
for  the  Session  1950-51 

As  previously  announced,  the  now 
Bye-laws  governing  the  constitution 
of  the  Council  and  its  mode  of 
election  will  affect  nominations  for 
the  election  of  Council  for  the  session 
1950-51.  Nominations  for  the 
election  of  Ordinary  Members  of 
Council  [aee  Bj^o-law  27  (iv)]  and 
Overseas  Members  of  Council  [see 
Bye-law  28  (iii)]  should  be  sent  to 
the  Secretary  of  the  Institution  to 
reach  hun  not  later  than  Ist  Novem- 
ber, 1949. 

Visit  of  Mining  Students  to  the 
Gold  Coast 

For  the  first  time,  twelve  mining 
stud<>iLts — six  from  the  Roval  Si-hool 
of  Mines  and  six  from  tlic  vSchool  of 
MetailifiTous  Miriinfj;  (Camborne)-- 
are  visiting  mines  on  tlie  (^old  Coast 
this  nnnitli  jis  part  of  tlicir  noniui! 
training.  They  will  travel  l)y  air  and 
return  at  tin;  beginning  of  October. 
Arrangements  for  the  visit  to  West 
Afri<ra  have  bet^n  made  bv  the  Gold 
Coast  Chamber  of  Mines. 

June  General  Meeting 

The  8ubje<*t  of  discussion  at  the 
Eight!)  Ordinary  General  Meeting 
of  the  Institution,  held  at  iinrliiigton 
House  on  l<5th  .Iuin».  was  the 
practical  postgraduate  training  of 
mining  engineers.  I'rof'essor  .J.  A.  S. 
Kitson,  Mcfnhcr,  Head  of  the;  J^e- 
partnient  of  Mining  at  tlif»  Royal 
School  of  Klines,  <i])enefl  tiie  dis- 
cussion before  an  autlienoe  of  abfmt 
90  inem})frs  and  visitors,  and  an 
interesting:     <lebato     f()llowe<l.  A 

rei)ort  of  the  discussion  will  be 
])ublish(>d  in  tln'  August  issue  of  the 
Bitlhtlu. 


Refining  of  Non-Feirous  Metali 

As  this  issue  of  the  Bulletin  goes  to 
press  the  Institution's  Sympofiiiim 
on  the  Refining  of  Xon-Ferrous 
Metals  will  be  taking  place.  Well 
over  300  tickets  of  admission  ha\'e 
boon  issued,  and  it  is  hoped  that 
useful  dis<;u8sion  will  result  from  the 
meetings.  A  report  of  Proceedings  of 
the  Symposium  will  be  published, 
with  the  19  papers  submitted,  aa  a 
separate  volume,  and  one  copy  will 
be  available  free  of  charge  to  each 
member  provided  it  is  ordered  by 
31st  July. 


Lecture  by  Dr.  C.  H.  Desch 

The  Second  Sir  Julius  Wemher 
M(»norial  Lecture  of  the  Institution 
was  delivered  by  Dr.  Desch  on 
6  July,  1949,  at  The  Royal  Institu- 
tion. The  lecture,  entitled  *  The 
Effect  of  Impurities  on  the  Properties 
of  MctAls  ',  will  be  publishcii  in  the 
August  Bulletin, 


Meetings  in  the  Session  1949-1950 

General  Meetings  of  the  Institu- 
tion during  the  Fifty-Ninth  Session 
will  be  held  on  the  third  Thursday 
in  each  month  from  October,  1949, 
to  Jmie.  1950.  The  <lates  of  the 
Meetings  are  as  follows  : 

20th  October.  1949 
1 7th  November,  1949 
loth  December,  1949 
I9lh  Janmuy,  1900 
lOtii  February',  1950 
Itith  .March,  1950 
20th  April,  1950 
ISth  May,  1950 
1 5th  June,  1950 

Members  from  Abroad 

The  Council  are  always  anxious 
to  meet  membci"s  who  come  to 
England  after  a  long  absence 
abroad,  and  ask  such  members  to 
make  themselves  known  to  th© 
Secretary  when  attending  General 
Meetings  of  the  Institution  at 
Burlington  House. 
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Candidates  for  Admission 

Thff  CoMHcil  iMkome  eommunicatiom  to  auut 
them  in  dreidimg  whHher  the  qualijleatioru  of 
tattdidatee  for  admUtion  into  the  Institution  fulnl 
the  requirement  of  the  Bpe-lawg,  The  apfii- 
cation  forms  of  candidates  (other  than  those  for 
Studentship)  leill  he  open  for  inspection  at  the 
oj/ke  of  the  Institution  for  a  period  of  at  least  (tro 
months  from  the  date  of  the  BuUotiii  in  vhich  th-Hr 
applications  are  announced. 

The   following   have   applied    for 
transfer  since  9th  Juno,  1049  : 

To  Membership — 
James  Herbert  Bennetts  {Canibome, 

Cornwall), 
Richard         Bradford         McConnell 

{Kaduna        Junction,        Northern 

Nigeria), 

To  Associate  Membership — 
Robert  Laurence  Carlton  {Baivdwin, 

Burma). 
Fadil     Khoiry     Kabbani     {Jeddah, 

Saudi  Arabia). 
ReginaUl     Clive     Pargetor    {Bourne 

Endf  Buckinghamshire). 
William    Peter    Holford    Peu-kinson 

{Mari/port,  Cumberland), 
Ian  Graham  Pert  {Uhatailaf  India), 
John     Eric     Ilockingham     {Kaduna 

J  unction  t  Northern  Nigeria), 

The    following   have    applied   for 
admission  since  9th  June,  1949  : 

To  Membership — 
Rolx^rt  LciMjoe  {Trondheim,  NoruHiy). 
Harloy    Uncless   Suart    {Broxbourne, 

Hertfordshire). 

To  Associate  Mesibeuship — 
Dowl  Foonl  (t/o«.  Northern  Nigeria). 
D.  Thyagaruja  Iyer  {Champion  Recjs, 

India). 
Alexander     Munro     {Morro     Vehlo, 

Nova  Lima,  Brazil). 

To  Afflliateship — 
David  Faunch  (  Wembley,  Middlcttex). 
Arthur  Griffith  {London), 
Harr>'    Albinson   Mellor   {Orpington, 

Kent). 

To  Stl'dentship  — 
Peter  John  Hedley  Rich  {I^ndon). 
John     Henry     Waniock    {Kidder- 

m inster,  Worcesternh ire). 

Transfers  and  Elections 

The  following  wort*  traii8feiT€Ki 
(subject  to  confirmation  in  uccord- 
ance  with  the  Byc*-luw8)  on  9th 
June,  1949: 

To  Membership — 
Peter     Best     {Champion     Beefs,    S, 
India), 


Gordon  Brian  Mackenzie  {Freetown^ 
Sierra  Leone,  West  Africa). 

Gerald  Augustine  Patrick  Moorhead 
{Otorgetoum,  British  Ouiana). 

To  Associate  Membership — 

George  Anthony  Jess  {Plymouth, 
Devon), 

Henry  Joseph  Martin  {Selukwe, 
SouOiem  Rhodesia), 

Arthur  Theodore  Max  Mehliss  {Lhau 
nottar,  Transvaal). 

William  John  Palk  {Hangha,  Sierra 
Leone,  West  Africa). 

Leo  Terry  {Filabusi,  Southern  Rho- 
desia) (reinstatement). 

The  following  were  elected  (sub- 
ject to  confirmation  in  €tccordance 
with  the  conditions  of  the  Bye-laws) 
on  9th  June,  1949  : 

To  Membership — 
Robert  Maurits  Peterson  {London), 

To  Associate  Membership — 
Geoffrey    Joynt    Brittingham    {Port 

Kembla,  N.S,W.,  Australia). 
Trevor  Jestyn  Davies  {Stourport-on' 

Severn,  Worcestershire). 
Arthur  Fannin  Evans  {Port  Kembla, 

N.S.W.,  Australia). 
Eric  Allix  Foote  {Mount  Isa,  Queens- 
land, Australia). 
William  Gibson  {South  Shields,  Co, 

Durham). 
Joseph    Pinder    {Oeita,    Tanganyika 

Territory). 

To  Studentship — 
Jolin  William  Davies  {Barak in  Ladi, 

Northern  Nigeria), 
David  J<»hn   Ivor  Evans  ( Warling- 

ham,  tSurrey). 
Michael     Andrew     Grigg     {Thames 

D  it  ton,  Surrey). 
John  Trevor  Hall  {I^ndon), 
Giles  Freathcy  Oats  {Hove,  Sussex). 
Alan  Robert  Dundas  Orr  {(Hnsgoxv). 
Kenneth  Bernard   Phitt  {Camborne, 

Cornwall), 
Miles  Holme  liussell  {London). 
Roy     Russell      {Hillingdon      Heath, 

Middlesex). 

News  of  Members 

.\f''tnh,rf,  . I jfjj(/f •»■'!/»•  MtmfiTs  an-i  StuJuU^t  are 
imU'd  h'  Mifiphi  thf  SiCTf-tarti  with  pirsvn-U  w  irs 
for  fiui'iir<uii>n  iimirr  /'*r«  h:fliiit/. 

Erratum  :  A  note  wu«  jniblished 
under  this  heading  in  the  May, 
Bulletin,  describing  Mr.  Leigh  W. 
Blaoon  as  an  Associate  Member. 
His  status  is  that  of  Member, 
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Mr.  H.  Abnall,  Member,  has  left 
England  on  his  return  to  Nigeria. 

Mr.  J.  G.  Berry,  Associate  Mem- 
ber, has  returned  to  India  from 
England. 

Mr.  A.  W.  BousTRBD,  AssocicUe 
Member,  is  returning  to  England  on 
leave  this  month,  and  will  return  to 
West  Africa  later  in  the  year  to 
Taquah  and  Abosso  Minos,  Ltd.,  to 
which  company  ho  has  been  trans- 
ferred from  Amalgamated  Banket 
Areas,  Ltd. 

Mr.  W.  P.  BoxALL,  Associate 
Member,  has  been  appointed  Mana- 
ger of  Welgedacht  Exploration  Co., 
Ltd.,  Transvaal. 

Mr.  Leslie  Bristowe,  Member, 
will  be  coming  to  Englfind  on  holiday 
from  S.W.  Africa  at  the  end  of 
August. 

Mr.  H.  F.  Burton,  StudetU,  has 
arrived  in  the  Gold  Coast  from 
England. 

Mr.  W.  F.  Castle.  Associate 
Member,  has  sold  his  interests  in 
Southern  Rhodesia,  and  is  now 
chairman  and  managing  director  of 
Wildon  E8tat<:^8,  in  Northern  Rho- 
desia £uid  Tanganyika. 

Mr.  J.  E.  Clay,  Associate  Member, 
has  been  transferrod  to  the  staff  of 
Sub  Nigel,  Ltd. 

Mr.  K.  E.  Daniel,  Stiuknt,  has 
left  England  for  Northorn  RlKxicsia. 

Mr.  E.  L.  Day.  Associate  Mvmbcr^ 
is  visiting  Caiia<ia  and  the  United 
States. 

Mr.  J.  O.  Dennis,  Student,  is 
returning  to  England  from  the  Gold 
Coast  on  leave. 

Dr.  J.  R.  DiNSDALE,  Asfiocintc 
Member,  expects  to  arrive  in  Eng- 
land this  month  on  six  months* 
leave  from  India. 

Dr.  F.  DiXEY,  O.B.E.,  Member, 
geological  advisor  to  the  Secretary  of 
State  for  tlio  Colonies  and  Director 
of  Colonial  Geological  Surveys,  was 
awarded  the  C.M.G.  in  tlie  Birthday 
Honours. 

Mr.  K.  M.  El  Alfy,  Member,  has 
been  awarded  the  Ord(>r  of  Industry 
and  Commerce  by  the  King  of 
Eg>'pt. 

Mr.  K.  15.  GooDE,  Monbvr,  hag 
joined  the  staff  of  Mount  Isa 
Mines,  Ltd.,  Queensland. 

Mr.  O.  L.  Gil  AY,  Associate  Member, 
has  arrived  in  England  from 
Nigeria. 


Mr.  E.  P.  Habokavxs,  Ifamder, 
expects  to  arrive  in  Elngland  firom 
Australia  this  month. 

Dr.  G.  V.  H0B8ON,  Member,  has 
resigned  his  post  as  Aasifltant 
Director  (Development)  of  the  Direc- 
torate of  Opencast  Coal  Production, 
to  resume  private  practice  as  con- 
sulting mining  geologist. 

Mr.  H.  L.  Holloway,  Asaociate 
Member,  has  returned  to  Nigeria. 

Professor  B.  W.  Holbcan,  Member, 
has  been  awarded  the  Order  of 
Maaref  by  the  King  of  Egypt. 

Mr.  D.  HosKiNO,  Student,  has 
arrived  in  England  on  leave  from  the 
Gold  Coast. 

Mr.  L.  S.  Jones,  Associate  Member, 
has  joined  the  staff  of  the  Mines 
Department,  Queensland. 

Mr.  H.  M.  Kay,  Associate  Member, 
has  returno<l  to  Colombia,  South 
America,  aft^r  a  short  visit  to  the 
U.S.A.  and  Great  Britain. 

Mr.  P.  F.  F.  Lancasteb-Jonss, 
Associate  AI ember,  has  joined  the 
staff  of  Western  Reefs,  Ltd. 

Mr.  W.  D.  Leslie,  Associate 
Member,  lias  left  Salisbury  on 
transfer  to  Gwanda,  Southern 
Rhodesia. 

Mr.  D.  H.  McCall,  Associate 
Member,  has  arrived  in  Scotland  on 
leave  from  the  Kolar  Gold  Field. 

Mr.  G.  A.  R.  McIlhatton,  Stud^it, 
'\A  returning  to  England  on  leave 
from  Tanganyika. 

Mr.  F.  I.  Maritz,  Associate 
Member,  has  left  the  service  of  the 
Southern  Rhodesia  Govtjrnment  and 
has  joined  Shaniva  Tributors.  Ltd. 

Mr.  J.  D.  Mead,  Member,  was 
awarded  tlio  C.B.E.  in  the  Birthday 
Honours  for  «or\'ices  to  Malaya. 

Mr.  E.  P.  Meaton,  Associate 
Member,  has  left  Randfont<?in  Es- 
tates,     Ltd.,      and      is      now      in 

Johannesburg. 

Mr.  R.  G.  K.  Morrison,  Member, 
superintendent  of  the  Nundydroog 
mine,  Kolar  Gold  Field,  has  been 
appointed  to  the  MacDonald  Chair 
of  Mining  at  McGill  L^niversity,  in 
succession  to  Mr.  Leigh  W.  Bladon, 
Aletnbcr,  wlio  is  resuming  his  con- 
sulting practi(!e. 

Mr.  J.  J.  Pascoe,  Student,  has 
arrived  in  India. 
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Mr.  John  Penhaus,  Associate 
Member^  has  been  transferred  from 
the  staff  of  Sierra  Leone  Selection 
Trust  to  that  of  Consolidated 
African  Selection  Trust,  Ltd. 

Mr.  P.  A.  Purvis,  Meinber,  is  now 
in  England  on  leave  until  September. 

Mr.  H.  H.  RoBOTTOM,  AsaocicUe 
Member,  has  returned  to  Burma 
after  leave  in  England. 

Mr.  J.  E.  RoBSON,  Associate 
Member,  is  now  on  leave  in  England 
from  the  Gk)ld  Coast. 

Mr.  J.  A.  RoYi'E-EvAXS,  Associate 
Member,  is  on  his  way  to  England 
on  leave  from  the  Gold  Coast. 

Dr.  G.  A.  ScHXELLMANN,  Associate 
Member,  has  been  appointed  con- 
sulting geologist  to  Halkyn  District 
Unit-ed  Mines,  Ltd.,  while  retaining 
an  association  with  the  Millom  and 
Askam    Hematite    Iron  Co.,  Ltd. 

Mr.  B.  G.  Skelton,  Associate 
Member,  until  recently  imderground 
manager  at  Vog(;lstruiHbuU>  has 
joined  the  staff  of  the  New  Consoh- 
dated  Crold  Fields,  Ltd.,  in  Johannes- 
burg. 

Mr.  G.  Gamlen  Thomas,  Member, 
has  been  awarded  the  C.B.E. 


Mr.  J.  W.  C.  Trbeby,  Associate 
Member,  is  shortly  closing  his 
consulting  practice  in  Malaya  and 
will  resume  in  the  Caribbean. 

Mr.  E.  H.  Treoonino,  Associate 
Member,  has  left  England  on  his 
return  to  Burma. 

Mr.  W.  J.  Tkythall,  Associate 
Member,  is  leaving  England  shortly 
for  the  Gold  Coast. 

Mr.  C.  W.  Walker,  Associate 
Member,  has  left  England  on  his 
return  to  Sierra  Leone. 

Mr.  T.  H.  W1N8OR,  Associate 
Member,  has  loft  Southern  Rhodesia 
to  accept  a  post  on  the  Gold  Coast. 

Mr.  S.  R.  WoRTiiY,  Student,  will 
be  leaving  England  shortly  to  take 
up  a  position  with  Uruwira  Minerals, 
Ltd.,  Tanganyika. 

Mr.  J.  R.  Wright,  Associate 
Member,  has  been  transferred  from 
New  State  Areas  to  Randfontein 
Estates  Gold  Mining  Co.  (Wit- 
watersrand),    Ltd. 

Addresses  Wanted 

A.  Armstrong.  R.  B.  Hicks. 

D.  S.  Broadhurst  G.  C.  Morgan. 
J.  A.  Cocking.  A.  I.  Scott. 

E.  Dickson.  A.  Sloss. 


The  Council  regret  to  amiounce  the  decease  of  George  Carter,  Member, 
on  2nd  July,  1948  ;  Arthur  Dklmar  Combe,  Associate  Member,  on  23rd 
May,  1949  ;  Nathaniei.  Malcolm,  Member,  in  1948  ;  R.  Arthiti  Thomas, 
Member,  on  30th  May,  1949  ;  Amos  Treloar,  Member,  on  25th  May,  1949  ; 
and  Henry  Morley  WiriTE,  Member,  on  Ist  July,  1949. 


ADDITIONS  TO  JOINT  LIBRARY  OF  THE  INSTITUTION 
AND  THE  INSTITUTION  OF  MINING  ENGINEERS 

Book*  (excluding  work*  marked  *)  mof  be  borrowed  &y  members  personally 
or  by  post  from  the  Librarian,  424,  Salitbury  House,  London,  B.C.  2. 


Books  and  Pamphlets : 

British  Standards  Institution. 
Yearbook  1949.  London  :  The 
Institution,  1949.     362  p.     5s. 

Northern  Industriai-.  Groitp,  Re- 
search Staff.  North  -east  coast ; 
a  survey  of  indtistrial  facilities, 
comprising  Northumberland,  Dur- 
ham and  the  North  Biding  of 
Yorkshire.  (Describes  the  metallic 
and  non-metallic  minerals  of  this 
area.)  Newcastle-upon-Tyne  :  An- 
drew Reid,  1949.  146  p.,  illus.. 
maps,  diagrs.,  tabs.,  biblios.    458. 


Parks,  Roland  D.  Examination 
and  valuation  of  mineral  property^ 
3rd  ed.  Cambridge,  Mass.  :  Ad- 
dison-Wesley,  1949.  504  p.,  illuB., 
diagrs.,  biblio.     35s. 

Pettuohn,  F.  J.  Seditnentary  rocks. 
N.Y.  :  Harper,  1949.  526  p., 
illus.,  diagrs.     39s. 

Shepard,  Francis  P.    Submarine 

geology.  N.Y.  :  Harper,     1949. 

348     p.,     illus.,  maps,     biblioe. 
3 Is.  6d. 
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*Skinner,  W.  E.,  Comp.  Mining  year 
book,  1949,  London :  Skinner, 
1949.     636  p.,  maps.     SOs. 

Govemment  Publications : 

Gt.  Britain,  Department  of  Scien- 
tific AND  iNDTTSTRIAIi  RESEARCH. 

Treatment  and  disposal  0/  industrial 
tuast^  waters,  by  B.  A.  Southgate. 
London  :  H.M.S.O..  1948.  327  p., 
illus.,  biblios.     128.  6d. 

Gt.  Britain,  Ministry  of  Fuel  and 
Power.  26th  annual  report  on 
sajet%f  in  mines  research,  1947. 
London  :  H.M.S.O.,  1949.  94  p., 
illus.     28. 


Proceedings  and  Reports : 

Cement  and  Concrete  Associa- 
tion. Report  on  prestressed  concrete, 
London  :  The  Association,  1949. 
42  p.,  illus. 

Society  of  Exploration  Geo- 
physicists.  Geophysical  case  his- 
tories, vol.  1, 1948.  L.  L.  Nettleton, 
ed.  Houston  :  The  Society,  1949. 
671  p.,  diagrs.,  maps.     52b.  6d. 

Maps : 

Newfoundland,  Ten  mile  map  of. 
Scale  :  1  in.  =  10  ml.  St.  John*8 : 
Dep.  of  Natural  Resources,  1941. 


INDEX  OF  RECENT  ARTICLES 

Olmstified  according  to  the  {.'hii-itm/  Dtrinuil  CUusifleation.    All  article*  indexed  are  atailahte  in  ike 
Joint  Library  611I  the  current  issue*  ofjoumaU  are  not  arailable  for  loan. 


8  ECONOMICS 
81-  Stailatics 

311 

Cu-onli nation  of  miii^rul  HtAtiRti(».  IS.  H. 
Beard  and  (i.  E.  llowllni;.  -  ./?ii//.  Imp.  Intt.^ 
liond..  46,  Nob.  l>  4,  1948,  356-U.     7b.  M. 

881  LaDour 

331((}82.3) 

Conditioiiii  in  tho  ^(^M  mines ;  Dtt^ady 
Impn)veinrnt  innlcrifpnund.  1).  it.  Malherbe. 
~S.  Afr.  Min.  Kngno.  J.,  J'biinj,  60,  Tt.  1, 
194U,  April  L»3,  1'3U-11,  Ulw. 

882.4  Currency 

332.4 

A  n»turn  to  tin*  p«»l'l  rttundanl  ?  Tli!-  conver- 
tlMlity  of  ciirn-iiciw.  Iji-m  (}.  <firln»r.  S.  Afr. 
Min.  Ku^g.  J.,  J'l.iirv,  60,  I't.  1,  Mhv  7  194U, 
331  ;  3.SM.     Oil. 

888  Production 

3;is  :  rtL'-J.si.V'.M) 

Till'  I  fdimiiiii-  po:<iti'in  <»f  tlio  Au-*truli:in  tin 
iri'liif^trv.  J.  A.  Dunn.-  .ln-it.  Minrr.  Industr., 
.M.lli.,  1,  No.  :;.  .'-.-lit.  Iy4'<,  3-7. 

888.58  Costs 

Sliaft-.>tiiikiim  nKthiNlH  iui'l  i-<K:ts  i>f  pl.-int 
and  i-<|iiipini'nt  Hi  tli<>  K»4]  sh.'ift,  Knn-lca  (oqi., 
Ltd.,  Kun>ka.  Ncv.  (;iMiivr>  W.  Mit*li»'ll  and 
A.  ('.  .lnhnHon.  —I'.S.  r.ur.  Miu.  Itifurtn.  t'lrr. 
74!«.'>,  Wiish.,  U.C,  Aiiril  I'.MU,  17  p..  ni;ip, 
dias-Tj*.,  labs. 

87    Education 

37  :  t\'2'2 

N'ltis  nil  niiriitrj:  «'<iiii'ari'>n  aii<i  ]H».->li.'r:j<lu- 
utf  training.  .F.  A.  ^.  l{jf-i»ri.  Bull.  luMrt. 
Min.  .\/'tall.,  L<.nd.,  No.  .Ml,  .Inri.>  l(»i:>,  1-7. 
tab)*,    d'ap*''  l^-) 

53    PHYSICS 

r>3H.l.'I.-..4 

roiiipari^fiii  (if  imthmis  for  •li-ii-niiiiiiiik' 
surf.i-'r  :ip-.k  an<l  <ii  ||it  p.irti«'l«'  ^^7.^•  diita  of  firu: 
pdWiliT-*,  piirtiiuhirly  wcMiiiLf  il»Htnhln 
pnuiiiiv.  p.  1 1.  lll;iki'.  -  ,/.  .<!-•.  rfi'tn.  Imi.. 
L«»n.l.,  68,  -Mav  I'.ir.'.  l.'J"    l««.  tul.^..  LiMii),   4». 


540    MINERALOGY 

549.753.21(67r;.l  1-Ml>ale) 

Amldytronitt*  and  ansociated  mincrala  from 
ttie  Mbalu  mine,  r^tuida.  U.  O.  Hol»ertB. — 
Bidl.  Imp.  InM.,  Lond.,  46,  Nos.  2-t,  194S, 
342-7.     7«.  (;d. 


56    GEOLOGY 
56(...)  Regional 
65(54.M.7) 

The  (s'f'do^nr  and  mineral  n^floun*<s  of 
cVvlon.  L.  J.  I).  Ft-rnando. — Bull.  Imp. 
Jnh.,  Lond.,  46,  N«i!*.  2  4,  194S,  303-25, 
illtut.,  mapn,  tabR.     78.  M. 

.'>.")(ns.iil) 

Karnm  didcriti'R  of  the  I'nion  of  Soutti 
.Xfrii-a.  Fnsirrii'k  Wiilkcr  and  Arie  Poldcr- 
vuart.  /{nil.  (,'eol.  .Stie.  ,lwrr.,  lialtimorv,  Md., 
60.  April  I'.il'.i.  .*)'Jl-7o.'>,  illuH.,  mapn,  diagn., 
t.-lIis.,  bililif).     SI. 

r.:.(71I) 

(jt-olii^'v  anil  mineral  dcpocdts  of  Nk*ola 
nia|i-an-a.  Itriiish  ('ulunibia.    W.  K.  ( 'fx*kfi(-ld. 
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trict. Middlest^x  county,  (>mn.  M.  F.  Boos 
and  others. —  T.N.  Bur.  Min.  Rep.  Inrrst.  4426, 
Wa^h.,  D.C..  Manrh  llHl*,  26  p.,  mai>8,  tabs., 
diagrs. 

553.678.1 

\enni«'ulit  —  ein  neu<*8  Industriemineral. 
(Venidculitc  -a  new  indastrial  mineral.) 
iraun<>s  Mohr.  Berg.-Bohr.-u.-Erd.,  Vienna, 
66,  I'art  5,  194y,  14-16,  map,  biblio.     S.5. 

553.67H.l(G76.2/.y) 

VenniculitJ!  deposits  in  Kenya.  E.  R. 
Varley.  -/^»W/.  Imp.  Inst.,  I^)nd.,  46,  Nos.  2-4, 
llMS,\'}4S-ri2,  tabs.     7s.  6d. 

553.67S.1(6S-J-Loolekoii) 

Vertidculito  at  LfM)l«'kop,  Pulabora,  north 
eiisterii  Tnuisvaal.  T.  W.  Oevers. — Trans, 
(icol.  Snc.  i>.  Afr.,  .I'buriL',  61,  1948,  13.3-78, 
illus.,  iliajLTn?.,  biblio. 

553.6Sy.l2(7S0^ 

Barite  of  New  M<\iio,  Dunn  M.  C'lippin^er. 
— (ire.  .V.  MfX.  Bur.  Min.  21,  S<K;orro,  1949, 
2H  p.,  t:ibs.,  bibli«). 

553.9    Carbonaceous  deposits 

553.9  :  "loH.r, 

The  rarlMiniferous  nx-k-i ;  an  atvount  of 
som«'  natural  n-soun^es  other  than  coal: 
Pt.  2  (conclu'lrj).  A.  Nelson. — Mine  «t  Qunrry 
Kntjng.,  Ij4Mid.,  15,  May  1949,  146-50,  diauns., 
biblii>.     Is.  6d. 

or.3.9S2(ir>3.«;) 

Batx  und  Krd01hi.»iriu'keit  des  Molassetrogs 
von  Ob«'rbay«-rn  urui  Ob«rsch\\aben.  (Oil- 
lu'lils  of  the  molass<:  trou;.'h  in  Upper  Bavaria 
ami  Upper  f«wabia.)  .Vlfn^ii  Bentz.  -  .Srt/o/ m. 
Kohle,  Hainbun;,  2,  Feb.  1949,  41-52,  maps, 
dia;jrrs.,  biblio.     DM.  5. 
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553.083(712.3) 

Tho,  fuel  reserves  ot  Alberta.  (Coal  and 
petroleum.)  W.  A.  Lang. — Canad.  Min. 
MftaU,  BuU.  441  {Trara,  62.  1949,  15-22), 
Montreal.  Jan.  1949,  17-24,  map,  tabs., 
bibUo.    SI. 

563.982(7  12.3-Lp»1uc> 

Leduc  oil  ArJil,  Alberta,  Canada;  an 
cxampK'  of  trang^reasivb  and  remtjsaive 
bioherm  growth.  TLeo.  A.  Link. — BuU.  fJe<4. 
i9oc.  Arner.^  Boltiniitre.  Mil.,  80,  March  1949, 
381-402,  illufl.,  maps,  Jiagra.,  biblio.     SI. 
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013.02  :  ('>22 

A  review  of  ixynipational  iliaeu<4eB  of  minon). 
S.  Bridge  Davii^— Uea<l  tteforo  The  Manchtafr 
Ofologieal  and  Mining  Soritij/,  Wigan,  Jan.  11 
1949.  (Not  pulilijiheil  in  the  Trans.  Instn. 
Min.  Engrs.)   12  p.,  tabs.    (TypewTript.) 

616.24 

A  review  of  pneumokouiogls  and  dust  sup- 
prRABiou  in  mines:  Pt.  1.  Mediral  aspecta  ot 
pnnumokouiosiA.  A.  (i.  II<;p[>lojiton. — BuU. 
Instn.  At  in.  SleUM.^  Ijond.,  No.  All,  Juno 
1949,  9-19,  bilJio.  (Paper  1».  Gd.)  ;  Trans. 
Instn.  Min.  Enyrs.^  Lond.,  108,  pr.  10,  Julv, 
1949,  45ft-64  ;  biblio.    lOs. 

016.21  :  540.28 

Kochcmh(M  mo<licalo8.  Le  r(-t4.>ntii»emcnt 
cardln-vasrulairc  de  la  siliccHM; :  S.  Li'examnn 
clinique.  Fniiis  I^venno.-- -/im/.  Hug.  Min. 
(Publ.).  Hassoli,  <;<^n.  IMH,  (k)mni.  59".  May  12 
1949,  13  p.,  biblio.    (Typescript.) 

617.7 

^linera'  ny ^ta^mius.  A .  Wedgwood  and  R.  C. 
Browne.  Min.  Pror.  mit.  -4m.  t'oU.  Mgrg., 
Jxiiid.,  44,  1917,  r>S-fit.  map,  tab. 

621     PLANT.    POWER,    MECHANICAL 
ENGINEERING 

0-' 1.3 11.2 

A  iifW  flrtMH'pr'Mif  boltli'iys  ilrill  trjin*formor 
p;HKl.  {';("•.  hurfi.  Kinfj'f  roll.  Mm.  Bull., 
iMirli..  3,  11".  -.  .Iiiii!-  linn!  (S«-r.  Mwh.  in..  li»), 
«»  !»..  illu-...  ili-ijrr:*. 

«■.•_>  1.7  7:^.  7 

I'l.wdf-r  iii.t:iilup..'y.  .1.  K.  .Mills.  -Minf  d- 
fjunrr;/  lliui.nj..  I-ornl.,  15,  Juru'  lS»lli,  17.'.  SI. 
ilhis..  diiiv'rs.     Is.  t'A. 

Ol.'l.9Jl(V.7'<.-J  .0) 

War-tiiin*  rii:inuf;i'-iiin>  of  alinisivi'**  iji 
Tiing:iii>ik;i  Ti-rritrTV.  Fr.uik  Oati-s  aii'l  .J.  II. 
Ilarri.-*.  liuU.  Imp.  Inst.,  IamuL,  46,  No:*.  'J- I, 
1!»1'<,  .^•J•i    II,  iiiiip,  liijuTs.     7s.  li.l. 

622     MINING 

Kuiiirti'-rinij  A-  Miiiin-i  .Ioitu'iI'.i  iiiiin-,  n\ill 
and  simlii-r  ••[•••ritinLr  i.'ui.li-.  N.>'.  :  .M«'(;r.i\v- 
Uill.  l;«r.t.  l».'.t  p..  ilia-!.,  di  in-:..  t:il..-*., 
Ilowslurts.      ."I'l  I'l  1,1-1. 

622(...)    Regional 

<5VL'(li)  :  'iL'-J.-J 

M'.'thiniiJ  <ri-\pl'>iT,t;i'>n  .j.-^  kiLm'^  uuli"'*.-* 
f|-.if  i'fll''-i  ill- O'liilm-u'-li-^.  (Irii'i  in  L'HTiiino. 
.\Tii«>ii,  |',»iti..iiiy,  l'yr>'iif'>i :  jmt.jsh  in  AI-jii-'o. 
riH'k  .'iMd  ^  .iri'-n.- lU'-r.il  mill.--;. »  l»iirin'.  Ann. 
.Min.,  I'aii-:,  137.  H.   I'Jl-,  .',-'.iJ. 


623(669) 

Annual  report  of  the  Mines  Deputmeottor 
the  year  1947;  Nigeria.  Lagot:  Gcvt 
Printer,  1948.   36  p.,  tabe.    St.  6d. 

622(675) 

Situation  de  I'industrie  mini^re  et  mtet 
lurgiqne  du  Congo  Beige.  H.  BobiliarL— AiB. 
Hoc.  R.  Bdg€  Ing.,  BruxeUes,  Ser.  A.,  Apifl 
1949,  40-62,  tabs. 

622(778) 

l^liniug  and  mineral  resources  of  Mlaoml 
J.  D.  ForroRter.— £fuff.  Mo.  Sch.  Min.  Tech. 
Sn'.^  Holla,  No.  73,  Dec.  1948,  60  p.,  iUns.. 
map,  biblio. 

622(797.14-Holden) 

Some  underitroand  changes  at  the  Holdes 
mine.  (Blasthole  diamond  drillisff;  stope 
flUing  with  taUlngs  below  1,600  ft.  lerd.) 
John  B.  KyxtW.—Bn^ng,  Min.  J.,  N.Y.,  166, 
April  1949,  84-7,  dlagrs.    60  cents. 

822.1    Topog[rairiiy,  surveying 

622.1  :  520.91 3 

Surface  traverHinp  to  1/3000  with  reference 
to  the  '  Standanla  of  Accuracy'.  J.  Vellch.— 
Trans.  Inst.  Min.  fiurv.,  Nottingham,  29, 
April  1949,  45-65,  tabs.,  diagra. 

822.2  Deyelopment,  exploitation 

622.2  :  622(44) 

^Ictliodes  d'cxploitation  dcs  mines  autm 
que  celles  d^  combustibles.  (Iron  in  Ix>rraine, 
Anjou,  Brittany,  Pyrenees ;  potasli  in  Alsaoe, 
nx^k  and  variouH  motAl  mines.)  Duruy. — Aim. 
Min.,  Parid,  137,  2,  1U4«.  3-32. 

822.288    Machine  mining,  rode  drills 

«22.2:i3.3.0r)3  :  0011.018.25 

'  B:ilfall'»y  '  tlp|>»^d  ponniuion  bit*;  com- 
pari-'ori  with  «»rdiii.irv  ste*?!  drilling  bits. —  .V»>. 
Wnrhl.  I,ond.,  166.  May  2S  1J»49,  305.     fid. 

022.2.r;.:5.n.-,:j :  OOO.OlJii..'^ 

Ro«k  ilrilliim  rxji'Tioiifo  with  tuu^stf^ 
rarbi'lo  bit>«.  lU:iir  HurwiMl. —  Min.  f'ongr.J.. 
Wash.,  I).(;.,  35,  April  IlU9,  24-7,  illtt-*.,  XaX**. 

.'i(»  Olllt-S. 

<;2-.M.';j.i.3.n.-.s 

LiL'ht  111' Hint in;?s  for  mui-liineA  usiu'j  har^J 
iiu.-t.ll  bits.  II.  ]{.  Kiiv. — f'nnnd.  Min.  J., 
<  t.ir.bnv;iK-,  r.t.\,  70,  May  I'.U'J,  r.3- 7,  illiis.. 

diiiLT.,    tUl.-ji.       $1. 

522.234  Miscellaneous     methods     of 
working 

r.22.-_'.ii.s.". :  «;:>!. S7n.3ri 

IJu<'k'-t  iln-ii£:i\^  for  iiiininvr :  Pt.  2  (mn- 
cluihth.  H.  J.  1'.  GHr.iL«n.--.V.J?.  Engng., 
W«=llinLT.>ri,  4,  Aj.ril  IIMH.  25-J  .'»,  illiis.,  di3!:r». 
Is.  t>il. 

622.235  Blasting,  blasthole drlUing 

liork  -irillitiLr  i'iprri»Mi''<?  with  tuncsteu 
•  :\rhiili'  i.ii-,.  Hlrtir  Kurwfll. -.l/iu.  i'onar.J.. 
\\aA\.,    \).y'.,   35,    April    19il»,    21-7, 'illusn 

622.24    Exploration  and  well  drilling 

♦t*JL'.L'4 

Drilling.'  .ind  sunipliit?  uiiron»olidateil 
inriti.rinU.  1a'«.!i  \\".  hujiuv.-  .U»w.  Engng., 
>.Y.,  1,  M:iy  I'.'K'.  K<^-t.  Traiw.,  (T.P.  iji^l  A.) 
I'Jo  .';<i.  iUiifi.,  liiairn;..  tab.,  biblio.     75  cents. 
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kfts,  sinking 

r^'idcivtand  von  FonlnrEk'liachteii 
lii'hkriten  zu  solner  Vorriiijjeruuff. 
lIwrHurhon.  (Air  raurttuiicu  o£ 
fu  and  nu.'thods  of  n>«.lu(.'tion. 
m  with  incNlfb.)  Sii-t^'frif-l  U&r. 
KsM-ii,  85.  May  7  I'MV,  3l'7-37, 
.,  talis.,  liiblio.     4  DM. 


ill-'  in<'tli(hl.<(  uml  iNHts  of  plant 
lit  at  thi'  Kail  slitiit,  Eiin'ka  Cuqi., 
i,  Xi'V.  (i»'nn:»'  W.  Mitchell  auil 
«n.-  C.S.  Jiur.  Mitt.  Jtifonn.  ('ire. 
,  !).(.'.,  April  VMit,  17  j».,  map, 


n*<l(iii>,-;) 

FntMii's'  -iilKLfts  iu  the  Omritr*' 
(hi'hik'ii  ••t<'.)     W.  S.  FiridUv. 
•.  S.  Afr.,  J'l.un?,  49,  K»l..  ry4H. 

ii.      (is. 

'»-Kun-k;j) 

hm  npth'Mls  and  cotim  of  jiLuit 
nt  at  till*  Tad  shaft,  Kur^k.^Coq)-, 
»,  N»v.  tM-<irir«'  \V.  Mitrlnll  and 
■n.  -f '.."<.  lUir.  Min.  Inform.  Circ 
,  ]).(.'.     April  194V»,  17  ji.,  map, 


r_*.7.'i;j-.<ttTi  Antonio) 

.'  iiiid  crpiiiiin:;  no.  4  win/.r,  San 
n*.  \V.  S.  Il«'u'lfr.  (iiwhl.  Mitt. 
.  in  (Trini.-<.  52.  llMH,  tt.'jr,), 
tril  I'.M'.t.  1 7 1-7.  diaciv.     $1. 

ning  methods  (surface) 

liaftlirfu-  (.tn-nx"'  7.ui!««'ln-n  Tji;:*- 
Ur.ui  Ix'i  ]..u;f-rstatt<-n  mit.  ziim-h- 
rl:i_'«-niiij,'.  (Till-  ifiii.iiniii'  liiiiii 
.ipiMi-:i->t  and  tiM>l<TL'riiiind  miiiinu' 
with  iiM  iiK  ri'iisini:  oviTl'imli'ii.) 
ilki-.  /.  Hr:l>t  rij.  J/«  tullh.,  Stiit i  - 
ril    Il»l'.'.    •.•7  lo:;.    diiiL-rv.,    talm. 


•  ii-k  nuarryiiiL'.    D.  S.  K«'nn«*'ly.-  - 
\N  •llintrtii'u.  4,  April  liM'.i.  1,'«..V  7o. 

1 

lami^ttt.il-!  in  th<-  •">taMi.-hrii<-iii  of 
ouany    >iiilin;ikitiL;.        K.     H. 
'.^uitrnj     M'jrs.'     J.,     Lorul.,     32, 
.•7-»".o"|,     1.,.  ThI. 


.'•j.:!i:k7:a) 

iiiriinu' s«tl\«.-s  <'i-<in'>inir  j«r'il.|i-nis  ; 

fn»ni    nniliTLTouiid    ni«-ni<'d>:)   al 

a  iiiitM'-s  iiiiTi-.iti<'>>  toii^  |«T  Mian 

Miliiir.      !/</'.   ''•n-fr.  ./..   \V;irili., 

tnl  l;i|'.'.  li;  1'.',  iH',!.-.    :;'i  .■■■nu. 
>    Mlniiifi  methods  <  stoplnit  > 

•li.iftli'li<-  iir<'::/'-  ;-".\  :■«.  !  ••:.  'i".!.'*-- 
i'/Jian  I>  »:.••  i->-:.i"' ii  nii:  ••'n:-!.- 
iLwHiiiL'.  ('r;i»-  II  ■■i.i'ii..'  iiiiiii 
iipi-iii-d-.'  .ml  uii-i'  i-T'.-.iji'l  n.M  III.- 
with  an  i!iiT»-.L-iii.'  •■■.•  r'ii'"iiii.) 
;ik»-.  X.  Lr-Jnni.  M-  f  i.'ih..  r-'r,u- 
ril    r.'4".i.    ■.'7   lo";;,    .!i.i.-|..,    til.-. 


622.276    Methods  of  extraction  of  petro- 
leum 

022.270.41(7a4.54-Iioj?p8  firld) 

fckftuidary  mcovrry  of  oil  by  km  lujcction 
in  the  Ftogm  field,  lioani;  count v,  W.Va. 
K.  M.  Tiwior  and  ••th»;r».— r..w.  liur.  Min. 
li'p.  Inrrgt,  4430,  Wa8h.,  D.C.,  Mari'h  1M9, 
olp.,  iliivrrH..  XVk\r». 

Cl>t;.-J7i;.  13 

Wat«-r-H(io<Iiui;  a^  a  nif>tho<l  of  inrreaaiiig 
California  oil  pHNluft ion.  Wilhur  II.SomcrtoiL 

f'tilif.  J.  M I'm.,  tJAii  Fnuirirt<-o.  45.  April  1949, 
ll':{-lMr_>.  I.iblio. 

622.28    Support,  linings 

Kinic*;  ^rrundh-o-ndi*  Fra^on  dw  S<*harht- 
hawft  in  nioht  Htandffstom  I)«'i^k»;«.*hirK(7 :  Toil  1'. 
(Inv«?j4tiL;atlon  of  hhaft  lininKH  iu  unittable 
strata*:  Tt.  2.>  Hiidnlf  Hals.— A^/ucilraii/; 
KsMi-n.  85.  .May  21  VMV.  3ii7-  SO,  diai;r».  4  DM. 

622.32    Oilfield  production 

r.22..'Ji':K7t;4) 

l'itn»Ii'Uni-vm:inH-rinc  simly  of  Sheridan 
fiild  Coiwrido  count V.  'r«-x.  H.  B.  Hill  and 
hVIix  A.  V..wl,  Jr.-  /'.N.  Jtur.  J/ in.  /?*7». 
Inr,it.  4:;«57.  Wiish.,  n.C,  -Manh  I'Jiy,  94  p., 
niai>,  fiiA;;rs.,  tabs. 

622.84    Metalliferous  mining 

(;22..".41(7I.S.3-HoilinL' Sprint's) 

Invi-stii-'aticm  of  Moilin:;  SpiiniM  mangamtio- 
in)n  dcjxisirs.  Cumberland  i^onnty,  I'a.  S.  E. 
liurton  und  Itobcn  .*^.  Sanford. —  r..S.  Bur, 
.]fin.  lUp.  /nitit.  Ii:w;,  WaHh.,  D.C,  April 
lli4'.».  2o  p.,  map,  labt>.,  fIowshi-«-ts. 

•522.3 1 1.1(410) 

Uritnni's  iron  udnf*s  als'»  hu\t:  tlwir  prob- 
l»'nis.  David  D.  Ilowai.  Kugng.  Min.  J.^ 
N'.Y.,  150.  .May  lnlt».  71-7.  illus.,  tab*.,  biblio. 
r»o  ii-nts. 

«;22.341.1(4:}4..')) 

lli'trai'liiun;;«n  j.wt  Trdinik  ini  I'lthrin^.'is- 
<'lii  n  Kisirnrr/bcrubjiu.  (<  'onyiilcrutionii  on  the 
pnwtiii-s  of  tlu'  iron  on-  minim;;  industry  of 
l.orrain»'.)  Kurt  "Si'hnws:.- - B^rgb.  Areh.y 
K.sw*n,  7,  li»17.  4o.^<.  ilhn.,  dia^'n*.,  lalw. 

r.22..Tll.l(i;7".») 

<;<»lil  jtnxhiicrs  of  I'ortUfni«-s«'  EoMt  Africa 
(Mo/ainl'iqut.0.  Mintr.  Tr.  Sotrs,  Wash., 
l'.«  .,  27.  .Inly  I'.M^,  i;j. 

••.•jL'.:;ii'.i(»;.v.-,) 

l'n»L.'ii-s.-  in  tlif  O.K.S.  irnM  iL-ld  ;  n  sur\-i-y 
«.f  r»-<'i-iit  <lcvi-liipm«-iiT.  >'.  Afr.  .Min.  J-^niimj. 
J.,  .F'bur_'.  60.  ri.  1,  Mav  11  I'.MH.  311-:;; 
317,  illu-..  t:il».     i;.l. 

i-.-.'-j.:;  12. 1(11  !;;.2:'.-Mi.-i.-n) 

Mill' n-  lii'Iil  (I'/nntjMt  ;  tin-  ib'Vi-lopniont 
and  iiri'-ptctiiii.'  work  «'arri»  d  out  at  nimr  of 
tin  \v<-rkiii_'-.il  W)iit«'  II  ill  and  tlm-i-at  Salter's 
1,.  .I'l  i«.  •!•  .-.Tiluil.  .1.  1).  F.iist.  (^//.  ('"rl.  Min. 
J..  I'.ri-l.am-,  50.  F«  b.  l'.»li».  l»n  j,  nups.     6d. 

»i22..".  iL'.b'.'i:..  -A.l) 

T:.'  A.l  i.iirj) .  tJalTrp'vV  iT«'k.  .T.  V.  L. 
K.  'i!.>.     Mill.  (....I.  ./..  >bll'.,  3,  Maivh  U'liJ, 

• :  "_• :' . : .  I  ■_■ .  1  ( '.'  I  .-/.-J ;  :i  11a  r.it ) 

'1*1. •  I'.iiiariit  south  L'oMiii-Ids.  ,T.  1*.  L. 
K-  nny.  .)Iin.  h(n{.  J.,  M«'lli..  3,  Manh  lUiS, 
Ki-s.  ni.ip.      In. 
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622.342.1(946-D6iTingft) 

Some  Victorian  goldfields.  Xo.  3.  Berrlnga 
district.  W.  Barat^anath. — Min.  (Jfol.  J., 
Meib.,  8,  March  VM9,  14-20,  iUns.,  map,  tabs., 
bibUu.    18, 

622.342.1(061.1) 

Fiji.  (Gold  and  silver  mining  in  Fiji  minea, 
production  from  1<J32.> — Miner.  Tr.  Notea, 
Wash.,  D.C.,  27,  July  1»48,  0-12,  tab*. 

682.342.2(961.1) 

Fiji.  (Gold  and  silver  mining  in  Fiji  mines, 
production  from  1932.) — Miner.  Tr.  Notea^ 
Waah.,  D.C.,  27,  July  194H,  9-12,  labs. 

622.343(430) 

Foraohungsarbeiten  im  Bereich  urseitliclicn 
Eupfcrbergbauos  in  Ocsterreich.  (Rcseuch 
work  within  the  purview  of  the  copper  mining 
poiod  in  Austria.)  R.  PittionL — berg.Bohr,- 
u.-Erd.,  Vienna,  65,  Part  5, 1949,  1 1-14,  map, 
blbllo.    S.5. 

622.343(791) :  622.271.3 

Open-pit  mining  solves  economic  problems ; 
conversion  (from  underground  methods)  at 
three  Ariz<ma  mines  increases  tons  per  man 
shift.  A.  }A.  Millar. — Min.  Congr.  J.^  Wash., 
D.O.,  86,  April  1949,  16-19,  illus.     3U  cents. 

632.343.0(786) 

Investigation  of  copper-nickel  deposits  of 
the  Stillwater  rx)mplex,  Stillwater  and  Sweet- 
grass  coimties,  Mont.  Uobert  N.  Koby. — 
U,S.  Bur.  Min.  Hep.  Invest.  4431,  Wash.,  D.C., 
April  1949,  10  p.,  maps,  diagrs.,  tabs. 

622.345(04) :  338 

The  economic  |xwition  of  the  Australian  tin 
indujAtry.  J.  A.  l^uun.— .-lu*f.  Miner.  Itidustr.y 
Melb.,  1,  No.  3,  y<fpt.  r.M'S,  3  7. 

622.34.'i.7(79S-rotato  Mt.) 

luvt.-stifratiou  <^f  Potato  mount.'tiu  tin  pUicer 
deposits,  SowanI  poninriula,  uorthwesteru 
Alaska.  Han.l.l  K.  Hriiic  and  F.  A.  Uutliilge. 
— U.S.  Hur.  Min.  JO.p.  Invfxt.  4418,  Wash., 
D.C.,  April  1949,  '11  p.,  map,  diajjrs.,  tabs. 

022.34r..r,(79G.2:)-Ima) 

Ima  niiiH;  n-Jimmey  operations.  J.  A.  Meoia. 
—Min.  Congr.  J.,  Witsh.,  D.<.:.,  35,  April  1949, 
88-92,  ill>is.,  diat^r.,  ll«)V\s)ietrt.     30  couts. 

622.35  Mining  building  stones 

622.3.Xr)  1 1.3  -liikanrr) 

lUiildiuK  iiiutcriaLs  ;  Bikiuxor,  Indian  stat(^ 
— Miner.  Tr.  yotis,  Wjwh.,  1J.(J.,  27,  July 
1918,  26-30. 

622..''.r.(9.'}l) 

Nolt-s  on  nx'k  qiiarrviiit:.  I).  ;^.  Kennedy. — 
A'Jf.  Kngng.,  Wfiliii^tou,  4,  April  l9l'.»,  •_'05-70. 

ilius.,  t.:ibs.       Is.    \'A. 

622.36  Mining  non-metals 

6-J2.?.0l.lK»".S) 

Mim-nil  iii^riiK-nt^  pnMluction ;  dovolop- 
ments  in  r^«<utli  .^.frica.-  .S.  Afr.  Min.  Kngng. 
J.,  J'lmrL;,  60.  Pt.  1,  May  28  1919,  139.     6d. 

f.22.:;63.-J(ll.".s;i) 

TLo  potiLsh  lia-iin  nf  ALsa'.-o.  11.  E.  (r. 
lleii'Iull.-  J/r«<'  ,<•  {jimrry  Kngng.^  Ixind.,  16 
.June  1919,  l»;7-7;>,  illus.,  map.  diiigrs.,  How- 
sheet.     Is.  «M. 


632.363.54(428.1-Bimzigluun) 

The  Billingham  anhydrite  mine.    O. 
Stewart.— J/ In.  Elect.  Meek,  fiyr.,  ICucte, 
29,  May  1949,  374-60,  ilhis.    8s.  6<L 

622.364.1(78  7.1 6-Lander) 

Investigation  of  the  Lander  pboq>lwte  loak 
deposits,  Frvmout  county,  Wyo.  WilUam  H. 
King  anrl  John  L.  Schumacher. — U^  Ar. 
Min.  hep.  Jnreat.  4437,  Wash.,  D.O.,  April 
1949,  12  !>.,  maps,  diagn.,  tabs. 

622.367.6(798) 

Investigation  of  the  Eobuk  river 
deposits,  Kobuk  district.  Northwestern , 
U.  K.  Heide  and  oihen,—UJS.  Bur.  JTm.  Ap. 
Inrext.  4414,  Wash.,  D.O.,  March  1949,  39  p.» 
illus.,  majM,  diagss.,  tabs.,  biblio. 

622.368.912(789) 

Barite  of  New  Mexico.  Donn  M.  CUppingcr. 
—Circ.  y.  Mex.  Bur.  Min.  21,  Socoiio,  1949» 
28  p.,  tabs.,  biblio. 

622.87    Mining  preckras  stones 

622.37  :  549.r)14.r>3(943.-Hayricks> 

I'rogressive  syndicate  wins  beautiful  opsk 
from  the  Hayricks  mine  in  Western  Qneeot- 
land.  C.  B.  Simmins.— Qd.  Otnt.  Min.  /., 
Brisbane,  50,  Feb.  1949,  70-3,  illus.    6d. 

682.41 /.46    Ventilatioa 

622.41 

Notes  sur  la  ventilation  souteiraine :  Pt  S. 
Jean  K.  Brouet. — Pvb.  Asa.  Ing.  Fac.  PdfL 
Mons,  97,  Fasc.  1,  1949,  22-8,  tobs. 

622.413.0 

The  practical  aspects  of  mine  ventilatioa: 
l*t.  V.  Heat  ami  moisture  in  mines.  F.  L^)eter. 
— Mine  A:  Quarry  Engng.^  Lond.,  15,  JoM 
1949,  183  7,  diagre.,  biblio. 

622.47(493) 

r^'Ecluirage  dos  mines  en  Belgique.  J. 
Fripiat  ariil  L.  Brisson. — Ann.  Min.  Bdg., 
Bni.xeUi^,  48,  I't.   3,   1949,  245-60,  diagn., 

tabs. 

622.5  Drainage 

622.532  :  621.695 

Pio  Siinipfuug  ersoflfener  Bergwerke  dnrch 
Dru(.kluft\^as.serheber.  (Mine  drainage  by  air- 
lift piiinpH.)  F.  Piokert. — Z.  Ersberg.  MetaUlLf 
Stuttpart,  2,  April  1949,  118-22,  diagia., 
biblio.     4  1).M. 

622.6  Haulage,  hoisting,  transport 

62'J.62r).2S 

T:ii<Unrrouu<l  locomotive  garages. —  Unit. 
Durfi.  King\i  (  oU.  Min.  Bull.,  Durh.,  3,  no.  9, 
Jiinr  1949,  (Ser.  Haulage  no.  6),  8  p.,  illus., 

622.64  7.1'-23:).2 

Tostlup  ctf  conveyor-belt  joints.  J.  H. 
Pluniprn.'.  —Trans.  Instn.  Min.  Engrs.^  Lond., 
108,  I't.  9,  June  1949,  372-86,  tabs.,  diagn. 
lus. 

622.662 

Tnictors  and  trailers  for  supply  haulage  (in 
tnK'kleis  mines),  li.  O.  Tarleton. — Min.  Congr. 
J.,  Was)...  D.C,  35,  April  1949,  28-30;  45,. 

illiut.     3U  cents. 
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ual  trackless  loader ;  novel  mac^ne 
material  movement  underground, 
es. — Min.  Congr.  J.,  Wash.,  D.C., 
.949,  44-3,  iUus.     30  cents. 

.24 

ig  pockets  for  skip  winding  cquip- 
itf.  Durh.  King's  Coll.  Min.  Bull.^ 
o.  2,  June  1949,  (Sor.  Winding  no.  5;, 

B. 


wickluug  dor  Dampffordcrmaschine 
rUcksichtigung  des  mcohanischen 
itriach  angetriobener  FOrdennas- 
rho  devolopment  of  steam  winding 
der  consideration  of  the  mechanic^ 
lectrical  driven  winding  engines.) 
ileucke. — Bergb.  Arch.,  Essen,  8, 
•21,  illus.,  dixigTB. 


of  cast  iron  drums  on  20'  x  10* 
iindri(:al  double  drum  winder, 
ton. — J.S.  Afr.  Inst.  Kngrs.^  J 'burg, 
949,  115^-21.  illus.,  diagra.     38.  (Jd. 

714.-East  Sullivan) 

St  Sullivan  head  frame.  (Planning 
m  of  a  rfiuforccd  concrete  structure, 
ing  fonii  construction.)  J.  C. 
-Canail.  Min.  Mi-tall.  Bull.  442 
,  1949.  27-11)  Montreal,  I-Vb.,  1949, 
a.t  dia;m(.     $1. 

714.-East  Sullivan) 

form  ooiu?tnic'tion  of  tlio  East 
jadframc.  (Concrete.)  V.  1  J.  Cook. — 
n.  J.y  G.'inipnvalo,  P.(^.,  70,  March 
i,  illus.,  diagrs.     %\. 


tical  Hppn)aph  to  the  selection  and 
ce  of  verticral  winding  roptw.  W.  M. 
—J.S.  Afr.  Instn.  Kngrs.,  J  "burg, 
1949,  Hi2-y3,  diagrs.,  tabs.     3s.  Gd. 

neral  Dressing 


ocfcsses  for  the  utilization  of  low- 
\.  It.  W.  Diamond,  and  others. — 
und.,  232,  June  IS  1949,  492-4.     Sd. 


de  Bencficiamento  de  Min»?rios  (4). 
de  Araujo  and  otlicrs. — Bol.  1Mb. 
.  25,  Kio  do  Janeiro,  1947,  120  p., 
js.,  flowshut'ts. 

Dressing  specific  minerals 

1 

!  benoficiation.  (In  n-latiou  to  the 
doposits  of  the  U.S. A.)  Francw  X. 
-Min.  Engng.,  X.Y.,  1,  May  1949, 
-18.     76  centi?. 

24 

nit  mills  complex  oro.  K.  K.  Ilood. 
ngr.  J.,  Wash.,  D.C,  35,  April  1949, 
,  tal:>8.,  flowsheet.     3U  ccut-t. 

1(798) 

ation  (»f  Claim  Pouit  chromite 
Kcnai  peninsula,  Al:i.ski\.  R.  S. 
id  J.  W.  C^le.--r..S.  Bur.  Min.  Rep. 
9,  Wash.,  D.C,  March  1949,  11  p., 
s. 


622.7-346.3 

Ima  mine  resumes  operationB.  J.  A.  Mecia. 
—Min.  Congr.  J-,  Wash.,  D.O.,  86,  April  1949, 
88-92,  illus.,  diagr.,  flowsheet.    30  cents. 

622.7-366.121 

Gewinnung  un<i  Verwcrtung  dos  Schwefel- 
kieues  der  SteinkohlenflOse.  (Recovery  and 
utilization  of  the  iron  pyrites  in  hard  coal 
seams.)  Karl  Hiener. — Bergb.  Arch.,  Esmd, 
6/6,  1947,  131-9,  diagrs.,  tabs.,  flowsheets. 
(English  translation.) 

622.7-367.6 

Investigation  of  the  Kobuk  river  asbestos 
deposits,  Eobuk  district,  Northwestern 
Alaska.  H.  E.  Ileide  and  othen.—UJ9.  Bur, 
Min.  Rep.  Invest.  4414,  Wash.,  D.C,  March 
1949,  25  p.,  illus.,  maps,  diagrs.,  tabs.,  biblio. 

622.73  €k>nunlnatloa 

622.732  :  622.35 

Designing  and  laying  out  a  stone  crushing 
plant :  Pt.  2.  S.  G.  Isherwood. — N.Z.  Engng., 
Wellington,  4,  April  1949,  261-2,  diagrs. 

622.74  Screening 

622.741 

Errors  in  routine  screening  tests. — Chetn. 
Engng.  Min.  Rev.,  Melb.,  41,  March  1949, 
211-14,  tabs.,  biblio.    Is. 

622.74 1 

Finsiktningsunders^kmngar  3.  (Pine^^oteen- 
ing  investigations  :  Pt.  3.)  Berigfc-Fagerberg 
and  Stun?  Mortaell.— rJtfrii^wgSrr  Ann.,  Stock- 
holm, 133,  No.  4,  1949,  125-52,  diagn.,  tabs., 
biblio.,  tlowsheots.  Kr.  2.  (Brief  English 
summary.) 

622.766    Heavy  media  separatioa 

622.766 

Lavage  par  cunt rifugat ion  en  milieu  dense. 
Essai  semi-industriel  h  Gottclbom,  Sarre. 
(Washing  by  centrifuges  and  dense  media. 
Somi-industfial  trial  at  CrOttelbom,  Sarre.) 
Bolugou.—  Centre  Etudes  Reeher.  Cfiarbon. 
France  Sate  tech.  49/11,  Paris,  May  1949,  8  p., 
diugr».,  tabs. 

622.777    Electrostatic  separatioa 

622.777 

Analyzer  aids  electrostatic  research.  Shiou- 
Chuan  Sun. — Engng.  Min.  J.,  N.Y.,  150, 
May  1949,  90-1,  diagrs.,  biblio.     60  cents. 

622.79    Roasting,  drying,  brlquettlng 

622.792 

Fluo-Rolids  n)asting  of  arsenojjyrite  concen- 
trates at  Cot:hfno>ir  Willans  (Ontario).  Owen 
Matthews.— CttnaJ.  Min.  Metall.  Bull.  444 
(Trans.  52,  1919,  97-106),  Montn^al,  April 
1919,  178- M 7,  diagrs.,  tabs.,  biblio.,  flowsheet. 
$1. 

622.792 

A  new  method  for  studying  the  mechanism 
of  roa?tin(?  reactions.  E.  A.  Pcrotti. — Disc. 
Faraday  Soc,  Lond.,  No.  4,  1948,  174-9, 
illus.,  diagrs.     308. 

622.792 

The  primary  reactions  in  roasting  and 
reductifni  proc«»5wos.  J.  S.  Anderson. — Disc. 
Faraday  ifnc,  Lond.,  No.  4,  1948,  163-73, 
diagrs.     3()s. 

622.792 

Iloasting  and  reduction  processes — a 
general  survey.  C.  W.  Dannatt  and  H.  J.  T. 
Ellingham.— />tM.  Faraday  Soc.,  Lond.,  No.  4^ 
1948,  126-39,  diagrs.,  taba.   av>a. 


TION  OF  MINING  AND  METALLURGY 

PRESIDENTIAL  ADDRESS 

!  of  The  Institution  in  Present-day 
Educational  Developments 

By  W.  A.  C.  Newman,  o.b.e. 

I  67  years  of  its  existence  the   Institution  has 

1  avenues  of  activity  : 

_istabli8hint'iit    and    mainteiiance   of    tho    dignity    and 

juf  the  threo  professions  with  which  it  is  concerned — 

fl»*  mining,   metalhirg}',  and  mining  geology — and  the 

"f    profosainnal   status    by    enforcing   higli    teclinical 

^  ns  for  admission  to  its  membership  and  by  regulating 

Wsional  conduct  of  its  members.     It  is,  and  we  trust  it 

a  to  be,  the  fon-most  qualifying  body  in  these  branches 

^'.1  seience,  the  representative  of  authorifcative  professional 

iiiid  the  medium  for  approach  on  all  relevant  matters  to 

'  ifnt  and  other  pubhc  corporations. 

L-  advancement  of  knowledge  in  the  three  professions  by 

licatioD  of  piipprs  and  by  discussions  comprising  valuable 

iiions  to  teetmological  literature  which  circulate  in  every 

Uio  world. 

I  he  furtherance  of  education  in  relation  to  the  needs  of  the 

-ions  and  their  members  with  "which  has  been  coupled  in  the 

iie  award  of  postgraduate  scholarships  and  assistance  in  the 

ishment   and   encouragement   of   technological   institutions 

tks  the  Imperial  College  of  Science  and  Technology  and  the 

>1  of  Metalliferous  Mining  at  Camborne. 

milestone  in  connection  with  the  first  of  these  three  objects 

reached  and  passed  when  the  new   Eye-laws,  which  were 

lered  desirable  by  changing  conditions  in  the  professions,  were 

iitly  approved  by  the  Privy  Council.     It  is  anticipated  by  the 

uoil  and  by  the  members  of  the  Institution  generally  that  the 

iaed  provisions  for  entry  to  Associate  ^lembership  by  examina- 

'U  Till  materially  assist  in  making  the   Institution,  which  is 

uady  strong  and  influential,  a  greater  and  more  comprehensive 

ofMsional  body,  comparable  with  similar  bodies  serving  allied 

uieaaioDE.     They  are  hopeful,  too,  that  into  the  new  class  of 

filiates  will  be  drawn  men,  highly  placed  in  their  own  spheres, 

lo  have  a  direct  interest  in  our  activities  but  who  cannot  qualify 

C  corporate  membership  in  accordance  with  the  terms  of  the 

laiter;    and  that  by  co-operation  and  goodwill,  by  team  work 

id  understanding  and   by   the   convergence   uf  effort,   greater 

Ogreu  and  efficiency  may  be  achieved. 

It  ifl  to  the  third  of  the  objectives  which  have  been  mentioned, 
flwrer,  that  I  may  perhaps  direct  your  attention  by  passing  in 
W  review  certain  aspects  of  educational  activity,  especially  as 
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Jfdjf  1949 


623.7A2  :  563.31 

Mftgnoiitic  roastlnff  of  Inw-^radn  inm  nros  and 
iron  sanrls ;  pilut  plant  trinlit  in  Orrmanv.  — 
Iron  Coal  Tr.  Her.,  Loud.,  168.  Jnne  17  lb4U, 
1310-51,  diogr.,  taU.^biblio.    9d. 

622^    HAZARDS,  ACXUDENTS 

632.8(403) 

L'Activiti-  dp  ITnHtltut  d'Uygi^ne  d« 
Afline8  au  count  de  raiintV  r.)i><.  U.  Bidlot. — 
Ann.  Min.  lielg.,  HnixfUns,  48,  Pt.  3,  ID  10, 
230-11,  diuKTB.,  tabe. 

622.81    Gas,  dust,  explosions 

623.817 

A  review  of  pnoumnkoiiiosiK  and  dust 
Buppniuion  in  nilnos  :  Pt.  1.  Miilirul  oaiirctB 
of  puoumokuiiiofiiH.  A.  G.  rie])pl(>st<in.-- 
Bult.  /nilM.  J/ in.  AfHall.,  Luud.,  No.  511, 
Juno  1910, 0-10,  liiblio.  (I'apor  1a.  nd.) ;  Tmns. 
Instn.  Min.  En{irA.,  Umd.,  108,  l*t.  I'K  July 
1049,  456-64,  biblio.     KN. 

622.88    Rock  pressure,  subsidence 

622.83S.553 

KxtnM'tiou  of  No.  0  Hli.Jt  pilltir  an^a,  I^iirban 
Boo«Jcpoort  Dt-cp.  T.til.  Tn>vor  Mort  and  P. 
O.  D.  l*rutoriu8.  —J.  Chnn.  Soc.  S.  Afr.,  J'l»urK, 
49,  Feb.  1040,  :{17-350,  illiw.,  liiof^re.,  lalis., 
biblio.    6b. 

622.88    Accidents,  rescue  work 

622.8r,l  :  621.3  :  622.271.3 

Safe  fliH.'trij'al  pnu'tifpfl  in  tWD  Arizona 
op<'n-pit  mines.  J.  ilj-variiu'u  and  A.  I*. 
L«»ok. —  r..S.  Jiur.  Min'  Infnrm.  ('ire.  7404, 
Wash.,  D.C,  April  1010,  18  p.,  illus. 

624  628    CIVIL  AND  SANITARY 
ENGINEERING 

f;24.l0  :  5r> 

A]i]ilii*;itiun  "tf  ;,'»'■  »l«iL,'y  to  luiiinliii::  pri»b- 
l«'nis».  Kriu-st  l\.  \V»hl-«rni!ii.  Tnins.  Arntr. 
.sVk-.  rir.  A;;;/r.v.,  N.Y.,  113,  I'.MS,  i:Ut.;-lJ<. 
illuH.,  liia^'is. 

<;2><.ul 

■rr«'utn>i-rit  .iiiM  dwiics.-il  di  iruliij-tri.il  w.wtr 
wjiti-rs.  H.  A.  SoutliLMTf.  (|ii'ii:iniin'ut  of 
Sii-nrilir  and  li)ilu-*tri:»l  Ji<s(  arrli.j  London  : 
H.M.S.i.).,  l".H*i.   [i'Jl  ji.,  illus..  biti'.ios.  l-J->.  ti.l. 

658    TECHNICAL  ORGANIZATION 

6ri'<..".i-.M  :  jiL'^.fiCii; 

'I'ini'vstudyirii:  rhutilf  i'.irr*.  \.  W.n  tii» 
Jjitnir  and  "l»aviil  H.  MJt^lKll.  '(..»/  .i.jr^ 
Albany,  N.Y.,  54,  -Man-h  HUO,  '.n>-;i.  dhiu'r^. 

66    CHEMICAL  TECHNOLOGY 

TndiiKJrial  nsi-«  oi  linii'ht'>iii-  ai:-l  fiolnmiti'. 
Olivi.T  Mo\\l<'S  aii'l  Na!i  ( ".  .Icn-cii.  'niif.  ./. 
.!/»■«.,  ^^;m  rr.imisio,  45,  Aj>iil   l'.'l'.»,  ;JlO-31, 

till :  5.'i3.(!7J 

Tiidusirial  Ui:<-s  of  liiiiofoiii'  uini  doloiiiit*?. 
<div  r  licnvli-s  ti:id  Nan  <*.  J(  u-ni.  f  niif.  J. 
Mill.,  riokii  FranilMO,  45,  April  I'.'I'.i,  Slo-.'il, 
talis. 

«;»;(>>U7i>r) 

'iypsMin  in  ('alif<iniia — il8  (Kvurrnirt-  .'iinl 
lisi'-.  -Cnhf.  I'ir.  Mhl.  M itvr'il  hiftirin.  Strrr., 
ir-Mx  rnin.i<H>i,  2,  .Muv  1010,  2-1. 


666.9H 

Le  troitcmcnt  thcnnlque  des  bdtoiu.  H. 
MoQchp. — ^ttit.  J/ in.  Betg.^  BraxeUes,  48,  Pt. 
3,  1949,  265-73,  dia^n.,  tabs. 

669    METAIXURGY 

669.1    Ferrous  metaliorgy 

669.1(43) 

In>n  and  steel  works  in  Germany. — B.LO.S. 
Final  Report  1850,  Item  21,  Lund.,  H.M.S.O., 
1040,  91  p.,  tabu.    8fl.  6d. 

660.162.4 

The  electric  smelting  of  iron  oms  for  produc- 
tion of  aUoy  ironH  and  Rteebi  and  recoreiy  of 
chromium  and  vanadium.  William  Uldorb.— 
J.  (hem.  Soc.  H.  Afr.,  J'hurR,  49,  March  19«, 
363-402,  illuB.,  diogra.,  tabs^,  biblio.    6b. 

669.2;.7    Non-ferrous  metslluegy 

669.205 

IVitanium.  (A  n^view  of  the  metollar^r  and 
UHn8.)  Hruc4>  W.  (ionner.  - -«/.  JUtlaU^  N.Y.,  1, 
Juu,  1949,  Sc<-t.  1,  6-9,  illus.    75c. 

660.33(79 1 .  — M(»renci) 

The  Moronci  smelter  nf  PhnlpB  Dodge 
C-<>rjH)ratiou  at  Moninci,  Arizona.  Ij.  L> 
McDaniel. -7.  MrtaUi,  \.Y.,  1,  Jou.  1W», 
SN.Hri.  Trun.^.  (T  P.  2488  i»,  1-14,  UIub.,  diagifc, 
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THE  INSTITUTION  OF  MINING  AND  METALLURGY 

PRESroENTIAL  ADDRESS 

The  Role  of  The  Institution  in  Present-day 
Educational  Developments 

By  W.  A.  C.  Newman,  o.b.e. 

■ 

rHROUGHOUT  the  57  vears  of  its  existence  the  Institution  has 
aad  three  main  avenues  of  activity  : 

(1)  The  estabHshment  and  maintenance  of  the  dignity  and 
usefulness  of  the  three  professions  with  which  it  is  concerned — 
tnetaUiferous  mining,  metallurgy,  and  mining  geology — and  the 
upholding  of  professional  status  by  enforcing  high  technical 
qualifications  for  admission  to  its  membership  and  by  regulating 
the  professional  conduct  of  its  members.  It  is,  and  we  trust  it 
will  continue  to  be,  the  foremost  qualifying  body  in  these  branches 
of  applied  science,  the  representative  of  authoritative  professional 
opinion  and  the  medium  for  approach  on  all  relevant  matters  to 
Government  and  other  pubHc  corporations. 

(2)  The  advancement  of  knowledge  in  the  three  professions  by 
the  publication  of  papers  and  by  discussions  comprising  valuable 
contributions  to  technological  literature  which  circulate  in  every 
part  of  the  world. 

(3)  The  furtherance  of  education  in  relation  to  the  needs  of  the 
professions  and  their  members  with  'which  has  been  coupled  in  the 
past  the  award  of  postgraduate  scholarships  and  assistance  in  the 
tfstablishment  and  encouragement  of  technological  institutions 
3uch  as  the  Imperial  College  of  Science  and  Technology  and  the 
School  of  Metalliferous  Mining  at  Camborne. 

A  milestone  in  connection  with  the  first  of  these  three  objects 
was  reached  and  passed  when  the  new  Bye-laws,  which  were 
rendered  desirable  by  changing  conditions  in  the  professions,  were 
recently  approved  by  the  Privy  Council.  It  is  anticipated  by  the 
Council  and  by  the  members  of  the  Institution  generally  that  the 
revised  provisioiLS  for  entry  to  Associate  Membership  by  examina- 
tion will  materially  assist  in  making  the  Institution,  which  is 
already  strong  and  influential,  a  greater  and  more  comprehensive 
professional  body,  comparable  with  similar  bodies  serving  allied 
professions.  They  are  hopeful,  too,  that  into  the  new  class  of 
Affiliates  will  be  drawn  men,  highly  placed  in  their  own  spheres, 
who  have  a  direct  interest  in  our  activities  but  who  cannot  qualify 
for  corporate  membership  in  accordance  with  the  terms  of  the 
Charter ;  and  that  by  co-operation  and  goodwill,  by  team  work 
ind  understanding  and  by  the  convergence  of  effort,  greater 
Progress  and  efficiency  may  be  achieved. 

It  is  to  the  third  of  the  objtjctives  which  have  been  mentioned, 
lowever,  that  I  may  perhaps  direct  your  attention  by  passing  in 
>rief  review  certain  aspects  of  educational  activity,  especially  as 


2  W.   A.    C.    NEWMAN  :    PRESIDENTIAL   ADDBESS 

they  affect  the  Institution  and  bear  upon  its  role  as  an  educative 
influence  in  the  training  of  recruits  to  the  three  professions. 

The  Incheasing  Interest  in  Technical  Education 

At  the  present  time,  considerable  attention  is  being  given  to 
educational  matters,  in  all  the  principal  countries  of  the  world, 
and  the  Council  is  actively  interested  in  such  of  these  as  impinge 
on  the  affairs  of  the  Institution  in  their  many  phases,  particularly 
in  this  country  and  the  Empire.  In  the  Dominions  educational 
activity  is  rapidly  expanding.  The  training  of  scientific  and 
technical  personnel  for  the  mining  and  metallurgical  industry,  for 
instance,  is  the  subject  of  a  recent  report  by  the  Council  of  the 
Australasian  Institute  of  Muiing  and  Metallurgy,  in  which 
reference  is  made  to  the  formation  of  the  N.S.W.  Listitute  of 
Technology  and  to  the  possible  inauguration  of  a  complete  mining 
course  attached  to  the  University  of  Queensland. 

The  essential  need  for  all  young  people  to  receive  the  type  of 
education  and  training  best  suited  to  their  interests  and  their 
natural  aptitudes  is  becoming  more  widt^ly  believed  and  acted 
upon.  In  the  last  few  years  there  has  been  an  increasing  insistence 
on  the  reorientation  of  our  educational  system  from  school  age  up 
to  graduation  and  there  is  now  a  stronger  public  realization  than 
ever  of  the  importance  of  the  Universities  and  the  contribution 
they  can  make  to  the  national  good. 

The  stimulus  which  has  prompted  this  increased  interest  in 
educational  matters  is  two-fold. 

(1)  Iniring  the  recent  wars  the  scientists  and  the  technical  men 
held  key  posts  and  wcn^  recognized  as  contributing  largely  to  the 
ultimate  victories.  The  frenzv  of  war  and  the  clash  of  arms 
impelled  research,  discovery,  invention  and  application  with 
far-reaching  effects,  and  the  cry  then  went  up — probably  even  with 
more  eini)hasis  in  11M:()  than  in  191 S — that  in  peace  as  well  as 
in  war  the  trained  scientific  mind  must  be  given  ample  opjiortunities 
to  contribute  to  the  country's  progress.  This  urge  towards  a 
scientitic  career  has  been  intensified  by  the  greater  facilities  now 
available  for  reaching  the  highest  educational  levels. 

(;2)  A  further  stimulus  towards  enlianced  intert'st  in  these  matters 
has  been  the  serious  shortage  in  scientific  man-power  available  in 
(iovernnient  departments,  in  industry  and  in  the  teaching 
])rofession,  wliich  has  ]>een  rev(^aled  by  several  Government 
Cummittee.s.     l^'f^•rtMK•e  to  these  will  be  made  later. 

As  a  guardian  of  the  interests  of  metalliferous  mining,  mining 
geology  and  extraction  metallurgy,  the  Institution  shares  in  the 
growing  concern  for  recruits  to  applied  scii'uce  and  for  the  further 
developtaent  of  educational  facilities.  It  has  a  particular  part  to 
plav  and  becomes  naturallv,  and  right Iv,  interested  not  onlv  in 
the  professional  status  of  its  present  members  but  also  in  the 
educational  upbringing  of  those  who  will  be  associated  with  it  in 
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the  future,  in  the  type  of  youth  who  can  be  attracted  into  its 
ranks  and  the  range  of  training  he  gets  at  all  stages  to  fit  him  for 
his  future  career. 

In  pursuing  this  interest,  however,  four  important  points 
should  be  borne  in  mind — 

(a)  The  professions  which  we  serve  are  essentially  applied 
sciences  of  which  httle  is  normally  heard  in  the  schools. 

(b)  They  have  not  the  same  prominence  in  this  country  as 
other  branches  of  technology,  since  the  mineral  resources,  apart 
from  coal,  are  comparatively  small. 

(c)  The  young  student  is  still  in  the  formative  stage.  He 
presents  a  problem  in  adaptation  to  a  complex  social  and  industrial 
system  in  which  education  plays  the  first  important  part. 

(d)  Developments  in  any  particular  branch  of  technical  education, 
and  especially  in  the  ones  in  which  we  are  directly  interested,  cannot 
be  assessed  properly  unless  attention  is  paid  at  the  same  time  to 
a  background  of  the  whole  educational  system  of  the  country  of 
which  they  form  a  part,  and  also  to  their  relationships  with  those 
other  branches  of  technology  wliich  are  becoming  increasingly 
important  to  the  professions  wo  represent.  Indeed,  because  of  the 
very  nature  of  our  particular  applied  sciences,  a  conception  of  the 
^vholo  structure,  including  the  pure  sciences  on  which  they  are 
based,  is  necessarv  before  we  can  determine  their  relevance.  It  is 
quite  as  important  that  we  should  know  something  of  school 
curricula  and  their  use  as  it  is  to  know  the  extent  of  University 
courses,  for  on  the  efficiency  of  the  general  grounding  in  the  earlier 
stages  will  depend  the  success  achieved  at  the  later. 

Instruction  and  training  in  metalliferous  mining,  extraction 
metallurgy  and  mining  geology  in  Britain  and  also  overseas  is 
confined  to  a  relatively  small  group  of  centres — Universities,  schools 
of  University  standing  and  certain  technical  colleges.  The  problems 
of  recruitment  to  these  centres,  and  of  issue  from  them,  are  no  less 
acute  or  less  fundamental  because  of  this  limitation  of  numbers. 
To  ensure  that  the  professions  will  be  best  served,  the  best  men 
nnist  be  sought  early  and  encouraged  to  enter  an  educational 
sequence,  of  which,  in  their  own  early  stages,  they  may  not  be  aware, 
but  which  offers  good  prospects  and  many  advantages.  It  is 
more  than  evor  desirable  under  the  conditions  of  to-day  that  the 
traditions  of  mining  and  metallurj^y,  long  established  in  this  country 
and  now  increasingly  so  in  the  Dominions,  shall  be  maintained  and 
that  the  best  possible  types  of  men  in  sufficient  numbers  shall  be 
ready  to  go,  properly  trainenl,  into  those  lands  where  British  names 
and  British  capital  have  meant,  and  still  mean,  so  much. 

All  this  demands  a  knowledge  by  those  in  the  schools  of  the 
opportunities  that  are  available.  It  calls  for  a  preliminary  ground- 
ing in  the  fundamental  sul)j(^cts  which  in  som«'  instances  might 
conveniently  quoto  industrial  applications  as  examples.  Thus  it 
will  be  readily  realized  that  if  chemistry  masters  could  be  induced 
to  give  simple  metallurgical  illustrations  of  applied  chemistry,  the 
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interest  in  metallurgy  itself  would  receive  a  great  impetus.  Follow- 
ing the  initial  grounding  there  should  be  a  steady  insistence  at  a 
high  level  on  the  provision  of  the  fullest  facilities  for  graduate 
training  in  the  subjects  which  concern  the  Institution.  Instruction 
of  this  character  cannot  of  course  turn  out  a  finished  product,  a 
fully  competent  engineer.  Eather  must  the  attempt  be  made  to 
create  a  thinking,  constructive  and  imaginative  mind,  equipped 
with  fundamental  knowledge  which  experience  and  contact  with 
his  fellows  will  mature. 

Education  in  the  Schools 

Our  interest,  then,  starts  in  the  schools  and,  so  far  as  metallurgy 
is  concerned,  the  Joint  Committee  on  Metallurgical  Education^ 
on  which  the  Institution  is  represented,  has  given  considerable 
attention  to  informing  teachers  and  scholars  what  metallurgy  ia 
and  what  it  offers  as  a  career. 

By  moans  of  a  brochure,  which  describes  the  subject  and 
indicates  the  prospects  in  various  fields,  by  films  and  by  lectures, 
the  Committee  has  endeavoured  to  stimulate  enquiry  in  the  schools 
regarding  metallurgy  and  thus  to  broaden  the  field  of  recruitment. 

Into  these  considerations,  however,  the  repercussions  of  the 
1944  Education  Act  have  been  projected.  During  the  last  ten  or 
fifteen  years,  objections  have  been  raised  to  the  ordinary  School 
or  leaving  Certificate  and  to  the  Higher  School  Certificate  examina- 
tions— the  near  equivalents  of  the  older  Matriculation  and  Inter- 
mediate Degree  examinations  respectively.  The  Norwood  Com- 
mittee in  1942  and  the  Secondary  Schools  Examinations  Council 
in  1947,  both  set  up  by  the  Governments  of  their  time,  reported  in 
favour  of  a  change.  Their  conclusions  were  reinforced  by  a 
Government  Circular  (No.  168)  issued  on  the  same  subject.  Both 
bodies  felt  that  there  was  need  for  an  examination  less  rigid  in  its 
syllabuses  and  in  the  number  and  choice  of  papers  to  be  taken. 
They  also  recommended,  among  other  things,  that  there  should  be 
fewer — or  perhaps  no — compulsory  papers.  The  Examinations 
Council  put  forward  a  scheme  for  a  *  General  Certificate  of  Educa- 
tion '  coupled  with  the  formulation  of  a  School  record  card 
containing  a  running  commentary  on  a  student's  progress  and 
potentialities.  In  effect  these  recommendations  have  been  accepted 
and  after  a  transition  period  lasting  until  1951  the  scholar  will 
be  able,  if  over  16,  to  sit  for  as  many  or  as  few  subjects  as  he 
desires  in  Ordinary,  Advanced  or  Scholarship  grades  of  the  new 
examination.  His  Certificate  will  bo  endorsed  with  the  subjects 
in  which  he  passes  nnd  subsequently  with  those  which  he  may  take 
at  a  later  date.  The  papers  will  be  set  by  his  own  teachers  and 
they  may,  possibly,  be  assessed  by  some  accepted  local  body. 
Unfortunatelv,  this  mav  result  in  a  lack  of  uniformitv  in  standard, 
a  difficulty  which  has  already  arisen  in  the  development  of  the 
scb^me  for  National  Certificates  in  metallurgy  and  other  subjects 
where  a  similar  system  of  conducting  examinations  is  employed 


W.    A.    C.    NEWMAN  :    PRESIDENTIAL   ADDRESS  0 

and  where  judicial  marking  and  assessment  have  given  great 
concern. 

The  General  Certificate  of  Education,  together  with  the  record 
card,  will  be  the  sole  basis  of  a  youth's  entry  into  the  University 
or  into  industry.  He  will  have  been  a  free  agent  in  selecting  the 
number  and  grades  of  the  examinations  he  has  attempted  and  the 
fear  is  that,  unless  well  directed,  he  may  not  have  acquired  a 
balanced  education. 

Considerable  discussion  has  naturally-  ranged  round  these 
decisions.  The  Ministry  has  ostensibly  fixed  the  minimum  age  of 
entry  at  16,  in  order  to  prevent  undue  specialization  at  school. 
It  has  been  urged  that  basic  principles  and  disciplines  should  be 
firmly  established  so  that  they  may  exert  their  influence  fully 
during  a  youth's  future  life,  thus  ensuring  a  soundly  trained  mental 
outlook  not  confused  by  assorted  shreds  of  knowledge  and  in 
addition  that  greater  scope  should  be  given  to  an  individual's 
natural  bent  to  develop  his  own  personality. 

The  schools  in  reply  say  that  the  proposed  regulations  will 
penalize  the  bright  boy  who  has  hitherto  sat  for  the  School 
Certificate  at  14  years  of  age,  and  will  deprive  him  of  a  period  in 
which  he  could  be  preparing  for  the  University. 

In  the  Secondary  Schools  the  passage  from  the  fifth  to  the 
sixth  form  occurs  at  a  transitional  stage  in  the  average  youth's 
lite  and  outlook.  His  mind  and  prospects  are  developing  and  he 
begins  to  realize  for  the  first  time  the  need  for  some  concentration 
and  more  intensive  studv.  Some  vouths,  however,  mav  Inature 
early,  say  at  14,  while  others  are  only  ready  for  the  next  step  at 
17  and  it  is  difficult  to  reconcile  those  wide  variations  in  a  general 
scheme. 

The  following  alternatives,  however,  have  been  advanced — 

(1)  To  contiime  the  present  school  curriculum  and  allow  the 
youth  who  is  ready  to  take  the  examination,  at,  say,  15,  to  extend 
his  study  of  the  five  or  six  necessary  subjects  during  a  further  year. 
This  would  mean  a  waste  of  time  at  the  most  receptive  age  and 
might  lead  to  staleness  ;  it  would  decrease  the  period  spent  in 
preparation  for  the  University  from  three  to  two  years. 

(2)  To  extend  the  time  devoted  to  preliminary,  fundamental 
subjects  and  thus  bring  him  on  more  gradually  until  he  is  16.  This 
would  have  the  advantage  of  giving  greater  opportunity  for 
instruction  in  the  humanities,  concerning  the  lack  of  which  much 
has  recentlv  been  written  and  said  in  nianv  walks  of  life.  There  is 
little  time  for  such  work  in  the  technological  sides  of  the  Univer- 
sities ;  it  is  rightly  the  function  of  the  schools  in  the  first  instance. 

To  this  view  of  early  education  most  bodies  connected  with 
technology  subscribe.  Thus  the  Council  of  the  Australasian 
Institute  say  in  the  report  already  referred  to  :  *  The  youth  should 
be  **  educated  "  as  well  as  *'  trained  '\  Education  in  cultural 
subjects  should  proceed  far  enough  to  develop  a  broad  outlook  on 
social,  scientific  and  economic  questions.    Education  in  pure  science 
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should  aim  at  tho  clevelopineiit  of  exact  and  Bvstematic  habits  of 
thought  as  well  as  at  knowledge  of  tho  subjects.  Technical  training 
should  bo  concerned  with  tho  practical  appUcation  of  general 
principles  rather  than  with  the  minutiae  of  technique.' 

Up  to  tho  present,  tho  Universities  have  said  that  the  new 
examination  will  not  ensure  a  sufficiently  broad  initial  education 
or  an  adequate  preparation  for  their  own  courses,  and  they  cannot 
accept  it.  Possibly  this  reflects  changing  views  and  even  grave 
doubts  about  the  proper  level  of  University  entrance  which  are 
now  becoming  discernible.  There  has  been,  for  instance,  a  distinct 
tendency  to  relegate  work  for  the  Intermediate — or  Higher  Schools 
Certificate — examination  to  the  schools,  thus  leaving  the  first 
year  in  the  University  free  for  graduate  work.  This,  in  effect,  gives 
another  year  to  study  for  a  degree,  but  at  the  same  time  imposes 
a  large  measure  of  specialization  in  the  later  years  of  school  Ufe. 

A  suggested  compromise  is  to  postpone  the  beginning  of  sixth- 
form  work  for  a  year,  which  would  result  in  a  liigher  average  age 
of  entry  into,  and  exit  from,  the  University.  Alternatively,  the 
schools  and  the  Universities  may  agree  on  a  modified  range  of 
subjects  and  standards  for  entrance  purposes. 

The  use  of  individual  records,  which  is  part  of  tho  new  examina- 
tion proposals,  would  be  of  great  benefit  if  one  could  be  certain 
that  (i)  they  were  kept  regularly  and  fairly,  and  (ii)  they  were 
related  to  specific  standards,  so  that  proper  comparisons  could  be 
made  of  records  compiled  in  different  parts  of  the  country. 
Neither  of  these  can  be  guaranteed,  however,  and  the  records  may 
break  down  because  of  tho  divt*rsitios  in  human  nature.  The 
Committee  of  Vice  Chancellors  and  Principals  of  Universities 
foresee  these  same  difticultios  and  hesitate  to  accept  such  records 
which  mav  not  have  a  common  denominator. 

ft/ 

While  we  must  necessarily  be  interested  in  educational  trends  in 

■ 

th(?  schools,  it  is  to  the  next  stag(?  that  our  attention  should  be 
principally  directed,  namely,  to  cdusideration  of  the  Universities 
and  technological  and  technical  colleges,  of  full  and  part-time 
study,  of  vocational  courses  and  of  postgraduate  work.  Hero 
again,  it  is  useful  to  hav<*  a  general  picture  of  the  proposals  in 
their  b(»aring  on  our  own  interests.  It  is  also  necessary  to  remember 
that  the  efficiency  or  otherwise  of  University  teaching  quickly 
becomes  known  in  the  schools  and  has  a  direct  intiuence  on  tho 
attraction  of  mining  or  metallurgy — or  indeed  any  other  subject — 
for  the  youths  passing  through  thein. 

Shortage  of  Scikntific  MAX-rowER 
Some  comments  have  already  been  made  on  a  revival  in  interest 

« 

in  educational  matters  and  in  scientific  careers,  which  is  occurring 
almost  simultaneously  with  th(^  urgent  reminder  by  the  Barlow 
and  olluT  Committees  of  a  serious  shortage  in  scientific  man-power. 
The  J^arlow  Committee  stated  in  11)46  that  at  that  time,  the 
maximum  numb<'r  of  qualified  scientists  in  all  branches  in  the 
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country  probably  did  not  exceed  55,000.  It  was  estimated  that 
at  least  70,000 — of  whom  at  least  80,000  would  be  teachers  in 
Universities  and  secondary  schools — would  be  required  by  1950. 
Beyond  this  an  increase  of  some  40  per  cent  in  the  student  popula- 
tion of  the  Universities  was  predicted,  which,  with  the  raising  of 
the  school  leaving  fige  to  16  and  the  establishment  of  County 
Colleges  would  involve  the  appointment  of  a  further  15,000  teachers. 
It  was  estimated  that  by  1955  the  overall  demand  for  scientists 
would  have  increased  to  95,000  and  the  maximum  supply  only 
to  some  64,000,  a  discrepancy  which  led  the  Committee  to  recom- 
mend the  doubUng  of  the  outturn  of  graduates  from  the  Universities, 
i.e.  5,000  instead  of  2,500  per  annum,  and  the  provision  of  buildings 
and  finance  accordingly.  Even  with  these  largely  increased 
numbers  the  proportion  passing  to  mining  and  metallurgy  is  not 
excessive — indeed,  in  some  directions  it  is  insufl&cient. 

The  Universities  have  responded  with  commendable  co-operation 
and  the  University  Grants  Committee  last  year  reported  that  the 
numerical  expansion  scheduled  to  take  ten  years,  has  been  almost 
carried  out  in  three  ;  that,  in  fact,  nearly  80,000  of  the  90,000 
scientists  have  passed  into,  or  are  through,  the  Universities.  The 
Conunittee  feel  too  that  there  is  a  large  body  of  innate  intelligence 
in  the  country  which  will  more. than  fill  the  present  University 
capacity  and  provide  the  scientific  quotas  required,  especially  if 
financial  aid  is  extended  in  those  instances  where  a  bright  youth 
is  frustrated  by  lack  of  funds.  On  the  other  hand  there  is  a  fear 
that  with  the  very  largely  increased  numbers  of  University  entrants 
the  standards  of  entry  are  being  lowered.  A  working  party  which 
reported  to  the  Minister  of  Education  last  year  suggested  that  local 
authority  awards  which  are  given  to  a  large  number  of  University 
entrants  should  be  made  only  with  the  recommendation  of 
a  University,  on  the  assumption  that  examinations  alone  are  not  a 
sufficient  basis  under  present  conditions  for  selecting  students.  This 
would,  at  any  rate,  enable  the  Universities  to  choose  their  entrants. 

The  prospect  now  is  that  for  some  years  to  come  the  proportion 
of  students  of  science  and  technology  will  be  higher  than  it  was 
before  the  war,  although  the  distribution  in  the  various  faculties 
may  vary.  For  instance,  it  is  found  that  in  Mechanical,  Civil  and 
Electrical  Engineering,  Physics  and  Geology  the  demand  will 
probably  not  exceed  the  outturn,  whereas  the  reverse  will  be  the 
case  with  Chemistry  and  Metallurgy.  Mining,  either  of  coal  or  of 
metals,  has  not  so  far  come  within  the  purview  of  these  Committees 
— a  fact  which  is  to  be  deplored.  A  number  of  Committees  under 
the  direction  of  Lord  Hanki^y  are  due  to  report  shortly  on  the 
general  demand  for  scientists  and  technologists  in  various  branches 
of  activity  and  thev  will  no  doubt  indicate  how  any  differences  in 
demand  can  l)e  met. 

Grade  of  Work  to  be  Done  at  the  Universities 
Turning  now   to    the   Universities   which   make   provision   for 
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technological  studies,  we  are  confronted  at  the  outset  with  their 
changing  views  on  entrance  requirements,  to  which  some  reference 
has  already  been  made.    A  report  by  the  Nuffield  College  suggests, 
in  addition  to  the  relegation  of  work  of  intermediate  standard  to 
the  schools,  that  courses  in  applied  sciences  should  be  diverted  from 
the  Universities  to  the  technological  colleges^,  leaving  the  former 
onlv  with  fundamental  scienci^s  and  research :  and  above  all  this 
there  is  a  threat,  in  one  or  two  instances,  that  eventually  a 
University  course  will  not  be  considered  complete  if  it  is  of  less 
than  ftve  years*  duration.    The  Nuffield  College  report,  in  consider- 
ing these  possibilities,  feels  it  to  be  of  primary  importance  that 
the  character  of  the  Universities  shall  be  preserved  and  that  men 
issuing   from   them   must   be   trained   in   fundamentals   without 
altering  the  character  and  the  purpose  of  the  University.     In 
relation  to  this  and  to  the  proposed  shedding  of  intermediate  work 
at  one  end  and  of  applied  science  courses  at  the  other,  it  must  be 
pointed  out  that  one  of  the  first  effects  would  be  that,  so  far  as 
technological    students    are    concerned,    the    humanitarian    and 
liberalizing  influence  of  the  University  would  be  constricted  and 
might  even  be  sacrificed.     This  condition  of  affairs  would  be 
extreraelv  unfortunate  since  it  is  verv  desirable  that  such  students 
should  acquire  a  broader  understanding  which  personal  contacts 
with   colleagues   engaged   in   other   courses   would   do    much   to 
stimulate.    In  this  connection  Lord  Elton  has  written  earlier  this 
week  :  *  A  University  should  be  a  universe  in  miniature,  housing 
all  sorts  and  conditions  ...  all  of  whom,  by  a  process  of  mental 
cross  fertilization,  are  likely  to  benefit  from  dissimilar  contempor- 
aries '. 

TuE  Technical  Colleges 

Among  the  groat  {)roblems  engaging  serious  attention  at  the 
pri^sont  lime,  and  one  of  great  importance  to  the  Institution,  is  the 
place  of  technology  and  of  the  applied  sciences  in  the  education 
structure.  Should  tliey  continue  to  be  taught  at  the  Universities 
in  regular  courses  or  in  postgraduate  work  ?  What  are  the  proper 
places  and  functions  of  the  technical  colleges  *?  Are  these  colleges 
sufficiently  developed  for  our  national  needs  and  in  what  relation- 
ship should  they  stand  to  thi>  Univ(M"sities.  to  local  authorities  and 
to  industry  ? 

The  Percy  Conunittee.  appointed  l)y  the  Government  to  report 
on  the  prol)Iems  of  higher  technological  education,  have  been 
supported  in  their  reconnnendations  by  the  Parliamentary  and 
Scientific  Conmiittee.  The  Council  of  the  Institutiim  has  sub- 
mitted a  memorandum  to  the  latter  pointing  out  its  views  so  far 
as  mining  and  metallurgy  are  concerned,  and  the  Joint  Committee 
on  ^letallurgical  Education  is  preparing  memoranda  on  the  same 
question. 

The  Percy  Conunittee  foresee  that  the  future  role  of  the 
technical   college   nmst   be  an   increasingly  important  one   since 
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emphasis  is  now  being  laid  to  a  greater  degree  on  technology  and 
technological  research.  To  meet  this  it  is  urged  that  the  status  of 
the  technical  colleges  should  be  raised,  and  that  to  some  of  the 
major  ones  either  degree  or  diploma  granting  powers  should  be 
given,  or  that  they  should  be  Unked  to  neighbouring  Universities. 
In  any  case,  there  should  be  closer  contact  and  interchange  of 
students  between  all  classes  of  technical  colleges  and  the  Univer- 
sities, and  technological  courses  together  with  postgraduate  work 
of  a  high  standard  should  be  developed  within  both.  Properly 
controlled,  such  an  organization  would  be  beneficial  and  would 
prevent  the  narrowness  of  outlook  which  arises  from  isolation  ; 
any  unrestrained  granting  of  degrees,  however,  such  as  is  the 
case  in  some  instances  abroad,  would  lower  their  value  and  their 
prestige  and  might  very  well  degrade  the  value  of  present  Univer- 
sity degrees  themselves.  Some  uniformity  of  standard  in  graduation 
should  be  maintained  as  far  as  possible. 

To  effect  these  changes  it  is  proposed  to  set  up  a  National 
Council  of  Technology  to  advise  the  Minister  and  the  University 
Grants  Committee  on  the  national  aspects  of  regional  policies,  and 
later  this  Council  would  possibly  have  an  executive  function  in 
granting  certificates  following  technological  courses  of  graduate 
standard.  The  Council  is  to  consist  of  representatives  of  Regional 
Advisory  Councils,  of  Regional  Academic  Boards  and  of  Industry. 
There  are,  in  all,  ten  regions,  in  each  of  which  an  Advisory  Council 
will  co-ordinate  technological  studies  in  the  Universities  and  the 
technical  colleges.  Complementary  to  this  Advisory  Council  there 
"will  be  an  Academic  Board,  formed  of  representatives  of  the 
teaching  staffs,  to  consider  the  development  of  studies  and  related 
matters  and  to  advise  the  governing  bodies  of  the  various 
institutions 

From  the  discussions  which  have  ranged  round  these  various 
reports,  three  points  may  be  selected  for  special  mention. 

(1)  It  has  been  suggested  that  in  those  cases  where,  for  varying 
reasons,  applied  sciences  draw  only  a  limited  number  of  students 
they  should  be  accommodated  in  special  colleges  or  imiversities, 
where  they  can  be  developed  to  the  fullest  extent,  and  to  which 
the  students  concerned  should  gravitate.  In  this  way,  plant,  staff 
and  buildings  would  be  conserved.  Within  this  framework  the 
subjects  in  which  we  are  interested  would  naturally  fall,  and,  as  an 
Institution  and  a  qualifying  body,  it  is  desirable  that  we  should 
have  the  opportunity  of  putting  forward  opinions  when  major 
relevant  matters  are  under  consideration. 

As  a  particular  instance  of  this,  reference  may  be  made  to 
Mineral  Dressing  on  the  status  of  which  the  Institution  has  recently 
expressed  its  views.  Li  the  field  of  Mining  and  Metallurgy,  the 
ranking  of  this  subject  is  very  high  because  of  the  increasing  atten- 
tion which  must  be  given  to  its  application  in  the  profitable  working 
of  low-grade  and  complex  ores.  In  the  teaching  schools,  however, 
its  relative  prominence  has  not  hitherto  been  established.     The 
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Council  are  of  opinion  that  this  deficiency  should  be  remedied  and 
consider  that  instruction  in  Mineral  Dressing  should  be  professorially 
directed  in  a  special  department  or  departments  and  should  lead 
to  a  degree  in  the  faculty  in  which  it  would  be  appropriately  placed. 

(2)  It  is  being  repeatedly  stated  that  we  lag  behind  other 
countries — some  larger,  some  smaller — ^in  the  provision  of  well- 
equipped  technological  institutes.  Attention  has  been  drawTi  to 
the  provisions  made  by  the  Massachussetts  Institute  of  Technology 
and  the  California  Institute  of  Technology  in  the  United  States 
and  by  the  Delft  Institute  in  Holland.  Within  these  organizations 
the  various  applied  sciences  are  dissected  into  their  several  parts 
and  each  part  placed  in  charge  of  a  qualified  teacher,  generally  of 
professorial  rank.  Students  are  trained  in  the  fundamentals  and 
their  applications  to  the  demands  of  industry. 

The  view  has  been  taken  bv  manv  of  the  various  Committees 
and  also  by  individuals  that  technological  education  in  this  country 
needs  the  provision  of  at  least  one  large  comprehensive  institute. 
The  Imperial  College,  although  admirably  conceived  and  adminis- 
tered, does  not  appear  fully  to  meet  this  need  and  it  may  be  that 
the  solution  could  be  found  by  creating  around  it  as  the  nucleus, 
the  larger,  grander  conception  that  would  compare  with  what  some 
of  our  rivals  abroad  already  have. 

(3)  There  is  an  increasing  need  for  technical  knowledge  within 
the  management  of  our  great  industries  both  here  and  abroad  and 
there  is  an  even  greater  need  for  some  instruction  in  the  principles 
of  scientific  management  at  some  stage  in  a  University  or  technical 
college  course.  Possibly,  however,  the  time  available  for  such 
courses  is  already  too  short  and  the  insertion  of  subjects  of  this 
character  may  have  to  bo  delayed  to  a  postgraduate  period.  But 
an  appreciation  at  some  stage  of  scientific  advances  in  management 
is  increasingly  called  for  by  industry  whore  new  and  more  complex 
fields  are  constantly  being  explored. 

It  is  the  task  of  management  to  balance  research  and  production 
effort  without  robbing  essential  administration  of  too  many  active 
and  fertile  minds.  Tlie  Advisory  Council  has  declared  recentlv 
that  the  scientific  man  should  he  given  the  status  which  will  enable 
him  to  take  a  part  in  the  determination  of  policy  where  scientific 
factors  are  involved.  Scientific  attainments  should  lead  to 
advancement  to  positions  of  the  highest  administrative  responsi- 
bility when  the  requisite  administrative  talent  becomes  apparent. 
It  has  boon  wisely  remarked  that  it  does  not  follow  that  the  transfer 
of  a  scientific  man  to  administration  is  necessarily  the  loss  of  a 
scientific  man  to  the  organization. 

Takt-Time  Stud?:nts 

We  should  not  leave  consideration  of  technical  colleges  \\'ithout 
some  word  concHrning  the  ])art-time  students  who  for  many  years 
have  formed  the  major  part  of  thoir  membership  and  whose  numbers, 
including  many  with  leanings  towards  Metallurgy,  are  increasing 
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greatly  under  the  provision  for  the  daytime  release  of  youths 
from  industry  in  order  to  pursue  their  studies.  In  passing,  it  may  be 
noted  that  the  numbers  enjoving  part-time  day  release  have 
increased  from  48,000  in  1939  to  over  200,000  in  1948. 

A  recent  *  working  party  *  set  up  by  the  Ministry  of  Education 
has  recommended  that  a  certain  proportion  of  part-time  students 
should  be  selected  for  entry  to  the  Universities  and,  as  the  facilities 
for  this  increase,  it  is  probable  that  such  a  scheme  will  expand. 
There  will  still  be  many,  however,  who,  by  force  of  circumstances 
w^ill  find  it  necessary  to  work  during  the  day  and  study  in  the 
evening.  The  student*s  aims  in  such  studies  are  of  course  a 
greater  understanding  of  his  job  and  the  hope  of  bettering  himself. 
One  can  but  admire  the  tenacity  with  which  some  of  these  youths 
hold  on  to  their  opportunities  and  indeed  how  some — a  good  many 
in  fact — have  achieved  great  success.  They  represent  what  is 
perhaps  the  most  desirable  type  of  recruit,  namely,  those  who  by 
their  own  energy,  initiative  and  ambition,  make  rapid  progress. 

It  would  seem  that  greater  encouragement  might  be  given  both 

to  the  schools  and  to  the  colleges  that  undertake  a  full  programme 

of  this  class  of  work  and  also  to  their  worthier  students.     Such 

recognition  would  provide  an  incentive,  reipforce  the  tuition  and 

'  stimulate  the  outturn  of  the  best  type  of  product. 

I.  J.  Pitman,  in  a  letter  to  The  Times  earlier  this  vear,  had  these 
youths  in  mind  when  he  wrote  :  *  The  great  glory  of  a  continuation 
education  has  been  in  the  millions  who,  having  an  interest  in  applied 
rather  than  pure  knowledge,  have  enjoyed  a  new  educational  deal 
and  have  concentrated  and  worked,  rather  than  indifferently 
**  done  time  ",  and  so  have  received  an  education  (quite  apart  from 
any  use  it  may  have  in  their  vocation)  through  studying  a  useful 
subject  *. 

Part-time  students  come  imder  review,  so  far  as  Metallurgy  is 
concf^rned,  by  the  Joint  Committee  on  Education.  As  a  rule  they 
have  not  had  an  opportunity  to  matriculate  and  examinations 
for  which  they  can  sit,  and  thus  attain  some  qualification,  have, 
for  many  years  past,  been  arranged  by  the  City  and  Guilds  of 
London  Institute  and  more  recently  by  the  Joint  Committee  for 
National  Certificates  in  Metallurgy  and  the  Institution  of  Metal- 
lurgists. Representatives  of  the  Institution  of  Mining  and 
^fetallurgy  take  part  in  the  deliberations  of  these  bodies.  We  have 
thereby  a  direct  interest  in  the  people  for  whom  they  cater  and 
we  make  an  annual  grant  to  assist  the  National  Certificate  scheme. 

The  examinations  of  the  Citv  and  Guilds  of  London  Institute 
have  long  been  recognized  for  part-time  students  and  for  such  full- 
time  students  as  have  cared  to  take  them.  They  are  held  on  a 
national  and  uniform  basis  and  may  lead  to  the  granting  of  a  full 
technological  certificate.  In  these  two  features  they  differ  from 
National  Certificates,  the  papers  for  which  are  set  locally  by 
teachers  in  the  various  institutes  and  are  assessed  by  the  con- 
trolling bodies.     The  existence,  in  the  first  case,  of  a  common 
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national    standard    of    examination    appears    to    have    many 
advantages. 

The  National  Certificate  scheme  in  Metallurgy,  although  directed 
by  the  Joint  Committee  of  tlie  Technical  Institutions,  is  adminis- 
tered by  officials  of  the  Ministry  of  Education.  It  has  been  in 
operation  for  only  a  few  years  and  has  been  successful  within  its 
limitations.  A  large  number  of  colleges  and  institutes  are  nov 
arranging  appropriate  courses  and  soon  it  may  be  possible  to 
add  a  Diploma  grade,  to  be  awarded  after  full-time  work,  to  the 
present  Ordinary  and  Higher  Certificates,  which  are  essentially 
related  only  to  part-time  studies. 

Postgraduate  Work 

The  Institution's  interest  in  educational  activities  in  regard  to 
Metallurgy,  however,  does  not  cease  at  the  Universities  or  at  the 
technical  colleges,  for  in  recent  years  it  has  participated  in  arrange- 
ments for  assisting  postgraduate  work  and  for  stimulating  vaca- 
tional  experience  abroad.  Four  such  schemes,  financed  by  generous 
donors,  are  now  in  operation  and  the  professions  and  the  Institution 
are  indeed  grateful  for  the  opportunities  which  have  been  provided 
to  create  a  wider  horizon  for  those  to  whom  the  awards  have  been 
made. 

The  Trustees  of  the  Nuffield  Foundation,  who  administer  funds 
provided  by  the  munificence  of  Lord  Nuffield,  sought  the  advice 
of  the  Institution  on  the  possibility  of  using  a  sum  of  some  £70,000 
spread  over  five  years  in  the  interest  of  extraction  metallurgy  on 
the  further  development  of  which  within  the  Empire  Lord  Nuffield 
himself  had  become  deeply  concerned.  It  was  agreed  that  about 
half  the  sum  should  l)e  devoted  to  the  provision  of  a  maximum  of 
five  Fellowships,  five  Postgraduate  Scholarships  and  ten  Vacation 
Scholarships,  for  selected  applicants  from  the  Empire,  during  each 
of  the  five  vears.  The  remainder  of  the  sum  is  to  be  devoted  to 
research  and  to  cover  the  cost  of  the  necessary  apparatus  and  the 
salaries  of  a  Fellow  and  a  team  of  assistants. 

In  three*  years  of  operation  eleven  Fellows,  mainly  from  Uni- 
versity staffs,  fifteen  I^)stgrad^ate  Scholars  and  twenty-eight 
Vacaticm  Scholars  have  been  appointed,  and  it  is  gratifying  to 
everyone  concerned  that  the  awar<h  have  been  fruitful  in  providing 
the  recipients  with  (experience  overseas,  in  generally  broadening 
their  knowledge,  and  in  promoting  useful  contacts. 

The  present  suggestion  of  the  Trustees  is  that  at  the  end  of  the 
period  during  which  the  awards  are  to  be  granted,  if  the  principle 
of  the  scheme  has  been  found  to  be  justified,  consideration  should 
be  given  to  its  continuance  under  other  auspices,  either  Govern- 
mental, institutional  or  industrial,  or  partly  all  three.  There 
can  be  no  doubt  of  tht,*  value  and  usefulness  of  the  arrangements 
as  they  have  developed.  The  general  tendency  to  increase  the 
o])p()rtunities  for  vacational  experience  at  all  colleges  and  universi- 
ties may  reduce,  but  not  eliminate,  the  necessity  for  the  vacation 
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scholarships,  but  there  is  a  clear  need  to  provide  professors,  heads 
of  departments  and  their  staffs  with  means  of  refreshing  their 
knowledge  of  modern  developments,  and  to  enable  graduates  of  a 
few  years'  standing  to  find  out  what  tHeh:  colleagues  abroad  are 
doing,  thereby  achieving  a  clearer  and  more  correct  perspective. 
These  needs  will  be  continuing  ;  they  should  be  equally  urgent  in 
mining  as  in  metallurgy  and  in  the  future  poHcy  of  the  Institution 
the  requirements  of  mining  must  surely  assume  an  equally 
prominent  place. 

Appointment  to  the  Nuffield  Research  Fellowship  has  yet  to  be 
made.  It  may  be  that  if  success  attends  this  venture  into  sponsored 
research  in  Extraction  Metallurgy — and  there  appears  to  be  a 
great  need  for  such  development  work  in  both  mining  and  metal- 
lurgy— a  nucleus  will  have  been  established  of  something  akin  to 
the  Research  Associations  now  in  being  which  are  subsidized 
partly  by  industry  and  partly  by  the  Government.  It  may  be 
that  there  is  scope  in  both  Mining  and  Metallurgy  for  bodies  of 
this  character  to  which  problems  of  a  fundamental  and  a  practical 
nature  could  be  brought  for  investigation  with  benefit  to  industry 
and  to  the  professions  as  a  whole. 

The  Institution  is  also  represented  on  a  Committee  to  administer 
funds,  amounting  to  £50,000,  which  have  been  provided  by  the 
Mond  Nickel  Co.  Other  members  of  this  Committee  have  been 
nominated  by  the  Institute  of  Metals,  the  Iron  and  Steel  Institute, 
the  Institute  of  British  Foundrymen  and  the  Institution  of  Metal- 
lurgists. These  funds  are  intended  to  enable  those  selected  during 
the  next  fifteen  years  to  spend  periods  of  up  to  one  year  either 
in  this  country  or  abroad  in  studying  the  practical  applications  of 
metallurgical  research  and  the  principles  of  technical  control  and 
administration.  Attention  has  already  been  drawn  to  the  increas- 
ing need  for  scientific  management  and  for  the  training  of  tech- 
nologists in  such  executive  work.  It  is  confidently  hoped  that  the 
Mond  Fellowships  will  assist  in  meeting  this  need.  Five  Fellowships 
have  already  been  awarded. 

A  further  benefaction  to  which  generous  recognition  must  be 
given  is  that  of  Messrs.  Capper  Pass  &  Son,  who  have  placed 
£100  per  annum  at  the  disposal  of  the  Institution  for  seven  years, 
and  a  further  £100  per  annum  at  the  disposal  Of  the  Institute  of 
Metals  for  a  similar  period,  to  encourage  the  writing  of  papers 
dealing  with  plant  and  processes  used  in  extraction  metallurgy  and 
in  the  fabrication  industries  respectively. 

Research 

In  recent  years  stress  has  been  increasingly  laid  on  research. 
Both  problems  and  equipment  have  become  more  complex.  The 
venue  has  extended  from  the  Universities  into  the  laboratories  of 
industrial  firms,  of  research  associations  and  of  the  larger  Govern- 
ment departments.  As  this  expansion  has  unfolded  it  has  become 
evident,  that  knowledge  is  increasing  at  a  greater  rate  than  its 
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application,  that  the  man-poM'er  necessary  for  this  purpose  must 
be  sought  specially  and  that  it  must  rank  as  high  as  that  required 
for  pure  research. 

This  has  been  stressed  rept*atedly.  In  the  First  Report  of  the 
Advisory  Council  on  Scientific  Policy.  Sir  Henry  Tizard  said: 
*  The  Council  does  not  disparage  research  but  the  first  requirement  at 
the  present  time  is  the  application  of  existing  knowledge  and  the 
central  problem  in  this  is  the  scientific  man  and  his  proper  distribu- 
tion \  Ho  emphasized  this  again  in  his  Presidential  Address  to 
the  British  Association  last  year.  An  increasing  number  of  trained 
men  ^ith  imaginative  and  inquisitive  minds  must  be  directed 
into  industrial  channels  in  order  that  new  processes  and  new 
inventions  may  bo  applied  with  the  same  orderly  thought  as  was 
used  in  their  creation. 

There  are  many  advantages  from  the  points  of  view  of  both 
teachers  and  staff  in  bringing  University  and  technical  college 
teachers  into  closer  contact  with  industrv  but  it  is  not  always 
desirable  policy  for  practical  industrial  problems  to  be  pursued  in 
academic   or  pure  research  laboratory  surroundings,   where  the 
consideration    of    fundamentals    is    more    appropriate.       It    is, 
generally  speaking,  bettor  that  in  the  works  there  should  be  the 
counterparts  of  the  research  scientists  of  the  schools,  and  it  may 
well  bo  that  the  technological  colleges  in  their  new  garb,  or  the 
super-technological   institute    of   the    future,    will    be    the    main 
source  of  supply  of  men  for  those  purposes. 

Kesoarch  has  boconio  an  attractive  career  mainly  because  of  the 
oncouragoniont  and  pul)licity  it  has  received.  As  a  consequence 
the  rate  oi  scientific  advance  is  not  necessarilv  related  directlv  to 
the  nunil)er  of  people  engaged  in  rt'Si'arch.  Indeed,  men  wuth 
special  gifts  in  this  direction  have  tended  to  form  a  smaller  propor- 
tion i)f  the  whole.     But   side  bv  side  with  this  has  arisen  the 

« 

beneficial  team  spirit  in  which  workers  in  many  spheres  have  united 
in  an  effort  to  solve  a  central  problem.  It  would  be  unwise, 
how<?ver,  to  assume?  that  tbi.s  is  necessarily  a  desirable  step  towards 
planned  or  operational  rt^soarcli  in  peace  time  as  it  was  known  in 
war.  Too  nuich  centralization  of  control  deadt-ns  initiative  and 
under  normal  circumstances  is  to  be  deprecated.  Men  work  best 
when  the  spirit  of  adventure  grips  them  and  the}*  retain  their 
personal  fre(?dom. 

*  *  *  4c 

I  have  passed  in  very  cursory  review  some  of  the  salient  points 
in  the  present  movements  in  educational  development  and  in  the 
increasing  interest  of  the  Institution  towards  them.  I  am  conscious 
that  1  hav(»  touched  l)ut  the  fringe  of  a  very  big  and  complex 
subject.  If,  lur.vever,  the  professions  which  we  n'present  are  to 
make  orderly  progress,  if  they  are  to  become  filled  with  men  of  the 
right  type,  if  we  are  to  maintain  our  traditions  at  the  highest 
possible  level,  we  should  make  determined  etTorts  to  encourage  a 
knuwleilgt*  id  mining  and  metallurgy  in  the  schools  and  to  stimulate 
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a  regard  for  these  professions  as  satisfying  and  profitable  careers. 
We  should  carefully  foster  the  need  for  a  systematic  grounding 
in  the  humanities  as  well  as  in  subjects  of  a  more  special  character 
80  that  our  future  members  may  not  only  act,  but  also  speak  and 
write  effectively.  We  should  give  all  possible  assistance  and 
encouragement  to  the  teaching  of  Mining  and  Metallurgy  in  the 
higher  ranges  and  also  to  the  pursuit  of  research  both  pure  and 
applied. 

The  Place  of  the  Professional  Institution 

Graduation  or  its  equivalent  qualification  is  the  spring-board 
from  which  a  man  starts  his  active  work  ;  but,  as  the  years  pass  and 
experience  gathers,  its  first  significance  is  replaced  by  the  need 
for  current  contacts,  for  a  knowledge  of  advances  in  his  profession, 
for  a  recognized  place  among  his  colleagues,  and  for  acceptance 
into  a  body  whose  dignity  and  status  are  recognized  in  other  fields. 

I  cannot  do  better  than  quote,  in  this  connection,  from  a  recent 
memorandum  drawn  up  by  the  Council  of  this  Institution  for 
presentation  to  the  Parliamentary  and  Scientific  Committee. 
*  To  a  man  employed  in  his  profession,  membership  of  an  institution 
such  as  this  is  of  continuous  and  increasing  importance.  After 
graduation  and  in  the  course  of  professional  work  it  may  be  said 
to  be  of  even  greater  value  than  a  degree  or  diploma  which  is 
gained  at  the  beginning  of  a  career  and  is  not  supported  until  later 
by  the  breadth  of  experience  gained  in  actual  practice.  The 
desirable  end  is  that  one  should  be  complementary  to  the  other. 
Membership  of  a  professional  institution  is  the  natural  step  for  a 
graduate  who  wishes  to  maintain  contact  with,  and  derive  benefit 
from,  advances  in  technological  matters,  for  by  it  he  meets,  and 
comes  to  know,  men  of  wider  interests  in  his  own  profession  and  is 
able  to  share  in  the  presentation  and  discussion  of  contributions 
dealing  with  his  own  and  kindred  fields  of  work.  Admission  to  the 
leading  professional  institutions  representative  of  technology,  and 
the  attainment  of  full  membership  in  them,  are  more  likely  to 
achieve  national  and  international  recognition  as  criteria  of 
technological  qualifications  than  the  diminishing  significance  of  a 
degree  with  the  passage  of  time  '. 

Some  apology  should  be  made,  possibly,  for  the  emphasis  which 
has  been  laid  on  Metallurgy  in  this  Address.  This  is  due  to  my 
own  interest  in  that  subject,  and  also  to  the  fact — of  which  I,  and 
many  others,  are  very  conscious — that  it  is  at  present  more  on  the 
metallurgical  than  on  the  mining  side  that  educational  standards 
and  landmarks  are  being  violently,  but  profitably,  disturbed.  It 
must  be  our  hope  that  the  balance  may  be  restored,  and  that  the 
education  and  training  of  mining  engineers  and  of  mining  geologists 
may  in  the  near  future  receive  the  closer  scrutiny  and  the  generous 
assistance  and  guidance  which  have  been  forthcoming  for  the 
-benefit  of  the  metallurgist. 
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In  thus  dwelling  at  some  length  on  matters  coming  within  the 
purview  of  the  Institution  and  which  have  assumed  greater 
prominence  during  recent  years,  I  trust  I  have  not  strayed  too  far 
from  the  relevance  which  they  may  have  for 'its  well-being.  But  I 
have  been  prompted  by  the  desire  to  ensure,  first,  that  those  who 
may  have  some  influence  in  guiding  our  future  interest  shall  be 
aware  of  the  movements  both  in  our  own  and  alUed  fields  which 
are  on  foot  at  the  present  time  for  the  betterment  of  our  educational 
facilities  in  relation  to  those  in  other  countries,  and  secondly  that 
they  may  continue  to  give  consideration  to  the  earlier  and  vitally 
important  stages  of  training  for  our  professions. 


!!%•  taatttBdOB  ••  m  body  Is  aoC  rwpo— Ibte  ftir  tiM  ■fafrnmU  nuuto  or  optateos 

t»pr<«ocid  in  any  of  Its  pobUcstions. 

THE  INSTITUTION  OF  MINING  AND  METALLURGY 

FIFTY-EIGHTH   ANNUAL    GENERAL    MEETING 

Held  in  the  Booms  of  the  Geological  Society  of  London,  Burlington 
House,  Piccadilly,  London,  W.l,  on  Thursday,  19th  May,  1949. 

Mr.  S.  E.  Taylor,  President,  in  the  Chair. 

The  Minutes  of  the  previous  Annual  General  Meeting,  which 
bad  already  been  circulated,  were  taken  as  read  and  signed. 

Mr.  L.  H.  Bartlett  moved,  and  Mr.  J.  S.  Whitworth  seconded, 
and  it  was  agreed  that  Messrs.  J.  B.  Simpson,  F.  Yeates,  H.  E. 
Wilson  and  H.  B.  Kerr  be  appointed  to  act  as  Scrutineers  to  examine 
the  balloting  papers  for  the  election  or  re-election  of  Members  of 
Council. 

Benevolent  Fund 

Mr.  S.  H.  Ford  said :  The  Accounts  and  Beport  of  the  Com- 
mittee of  Management  for  1948  were  submitted  to  a  meeting  held 
an  hour  ago,  and  were  adopted. 

I  wish  to  thank  you,  Mr.  President,  for  the  opportunity  to 
comment  on  the  Beport  to  this  Meeting.  Comments  made  here, 
imlike  those  to  the  meeting  we  have  just  held,  go  to  all  members 
and  not  only  to  those  who  happen  to  be  in  ihe  room. 

The  Balance  Sheet  shows  investments  on  Capital  Account 
of  £15,800  odd,  as  practically  the  same  as  the  year  before.  Other 
investments  at  £1,480  are  unchanged ;  cash  in  hand,  in  the  Bank 
and  in  the  Post  Office  is  down  by  £50.  Income  is  up  by  £16 ;  as 
grants  are  also  up,  but  by  £460,  the  net  result  is  that  expenditure 
exceeds  income  by  £250. 

Mining  companies  and  finance  houses  gave  generous  help,  as 
they  always  do,  and  the  Connnittee  are  very  grateful  for  it,  as  it 
is  a  considerable  part  of  the  income. 

The  Boll  of  the  Institution  carried  the  names  of  1,777  Members 
and  Associates :  271  contributed  last  year,  and  so  1,506  did  not. 
These  figures  are  shown  on  a  chart  which  goes  out  with  the  Beport, 
and  we  think  that  members  who  see  the  wide  open  space  between 
the  lines  will  agree  that  it  is  not  a  creditable  showing.  The 
Committee  are  meeting  real  needs ;  the  Fimd  is  worth  taking  an 
interest  in,  and  it  is  your  Fund. 

A  more  satisfactory  figure  is  that  income-tax-payer-covenanters 
made  direct  contributions  last  year  of  £516,  and  because  of  the 
covenants  the  Committee  got  back  an  additional  £458 — that  is 
over  and  above  the  £516 — as  income  tax  recovered.  Tax  recoveries 
are  going  up  steadily,  and  we  hope  that  more  members  will  use  this 
very  effective  way  of  giving  help. 

17 
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The  Report  lefen  to  food  paroek  from  overseas.  The  4Q9tra- 
ladan  Institute  sent  parceb  to  this  Institution ;  other  donors 
sent  to  the  Committee,  and  still  others  sent  to  individuals  whose 
names  were  suggested  by  the  Committee.  All  the  parctels  went 
to  the  recipients  throu^^  the  agency,  in  one  form  or  another, 
of  the  Committee.  None  of  us  hero  have  had  to  live  on  an  Old  Age 
Pension,  and  so  we  do  not  know  what  an  8-  or  10-lb.  food  parcel 
can  mean.  Some  of  those  who  received  them  do  know,  and  their 
letters  of  thanks  show  it. 

During  the  year,  the  Committee  roviewed  the  amounts  of  grants. 
Some  of  these  amounts  wero  fixed  some  time  ago,  when  money  had  a 
real  value,  but  looking  at  them  now,  and  at  present  prices,  they 
appeared  to  be— and  were — ^pitifully  small,  and  so  we  put.them  up. 

Also,  during  the  year,  three  beneficiaries  died  and  thero  were 
three  new  cases,  two  of  which  brought  childron  to  the  Fund. 

At  the  moment  thero  aro  some  18  childron  whose  education,  or 
maintenance,  or  a  mixturo  of  the  two,  aro  being  helped  by  the 
Committee.  The  extra  cost  of  moro  childron  coming  on  the  Fund, 
and  the  extra  cost  of  increased  grants,  all  took  effect  during  the  last 
three  or  four  months  of  the  year,  and  they  are  continuing  in  effect 
from  the  beginning  of  this  year,  so  that  we  may  expect  that  calls 
on  the  Fund  will  be  heavier  this  year  than  last ;  in  fact  we  are 
already  feeling  it.  A  chart  of  income  and  expendituro,  which  goes 
out  with  the  Report,  shows  that  the  line  marking  tlie  trend  of 
grants  is  going  steadily  up ;  it  has  crossed  and  is  now  above  the 
income  line  and  is  still  going  up. 

Further,  we  aro  under  the  shadow  of  possible  appeals  arising 
from  war  casualties ;  they  will  come,  but  so  far  it  is  only  the 
shadow. 

The  Fund  is  in  a  sound  position  financially,  but  it  would  not 
be  a  happy  state  of  affairs  if  the  Committee,  who  had  to  draw 
heavily  on  accumulated  resources  last  year,  have  to  draw  a  further 
considerable  amount  this  year.  However,  the  Committee  are  in 
the  hands  of  members.    What  are  you  going  to  do  about  it  ?' 

To  sum  it  all  up :  the  Committee  have  overspent  largely,  and 
are  unrepentant,  but  they  expect  to  receive  absolution.  It  rests 
with  you,  gentlemen,  to  decide  whether  or  not  you  will  give 
absolution.    If  you  do,  there  is  a  practical  way  of  showing  it. 

Report  of  Council  and  Statement  of  Accounts 

The  President  moved  that  the  Annual  Beport  of  the  Council 
for  the  Session  1948-49  and  the  Statement  of  Accounts  for  the 
year  ended  Slst  December,  1948,  be  adopted. 

Before  calling  upon  the  Honorary  Treasurer  to  second  the 
motion  he  referred  to  the  main  activities  of  the  Institution  during 
the  Session. 

The  revision  of  the  Bye-laws  had  been  the  outstanding  achieve- 
ment.    After  long   and   careful   consideration   and   painstaking 
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drafting  the  Bye-laws  had  been  revised.  The  new  Bye-laws  were 
adopted  at  the  Special  General  Meeting  held  in  December,  1948, 
and  came  into  force  in  Febroary,  1949,  when  they  were  allowed 
by  the  Privy  Council. 

The  alterations  which  had  been  made  to  the  Bye-laws  were 
not  an  end  in  themselves,  but  a  valuable  means  to  an  end.  They 
would  have  the  effect  of  raising  the  standard  and  status  of  the 
Institution  and  its  members  and  provide  opportunities  for  widening 
the  membership.  The  Institution  now  looked  to  its  members  to 
approach  all  those  they,  knew  to  be  eligible  and  encourage  them  to 
apply  for  admission  to  the  Institution. 

At  the  risk  of  repetition  he  wished  to  remind  members  that 
they  looked  for  candidates  for  the  new  class  of  Affiliates  from 
amongst  the  members  of  other  professions — such  as  doctors  and 
mechanical  and  electrical  engineers — whose  work  was  intimately 
connected  with  mining  and  metallurgy.  Thejre  might  also  be 
suitable  candidates  in  other  departments  of  the  mining  and 
metallurgical  industries. 

The  need  to  increase  the  membership  was  an  urgent  one  and 
every  member  should  regard  it  as  a  duty  to  the  Institution  to 
help.  In  that  connection  he  commended  to  members'  most 
earnest  attention  what  the  Honorary  Treasurer  would  have  to  say 
regarding  the  finances  of  the  Institution. 

A  wide  variety  of  papers  had  been  published  in  the  Bvlletin 
during  the  Session  and  there  had  been  some  very  valuable  dis- 
cussions at  the  Ordinary  General  Meetings.  They  had  been  fortun- 
ate in  securing  Dr.  Desch  to  deliver  the  second  Sir  Julius  Wemher 
Memorial  Lecture  on  the  6th  July.  The  forthcoming  Symposium 
on  the  Refining  of  Non-Ferrous  Metals  had  been  very  well 
organized,  and  some  19  excellent  papers  were  being  presented, 
and  interesting  and  valuable  discussions  were  expected  at  the 
sessions  on  the  7th  and  8th  July. 

Immediately  following  the  Symposium  on  metal  refining,  the 
Fourth  Empire  Mining  and  Metallurgical  Congress  would  be  held. 
The  great  task  of  organizing  the  Congress  had  been  admirably 
carried  out  as  would  be  clear  to  all  those  who  had  received  the 
circulars  of  the  Organizing  Committee.  The  technical  sessions  at 
Oxford  promised  to  be  of  great  interest — ^in  fact,  the  Congress 
would  undoubtedly  be  an  unforgettable  experience  of  great 
importance  for  all  who  were  able  to  take  part. 

The  use  of  the  Library  had  continued  to  increase  and  so  had 
the  inquiry  service.    That  was  a  most  encouraging  sign. 

It  would  be  evident  to  members  from  the  Beport  that  the 
Institution  was  actively  engaged  in  furthering  the  objects  for  which 
it  had  been  founded.  If  that  active  policy  was  to  be  continued  it 
would  have  to  be  backed  by  widening  the  membership  to  include 
all  those  who  were  engaged  in  the  industries  they  represented  who 
were  eligible  to  join.  He  again  reminded  members  that  the  Council 
always    welcomed   their   views    and   suggestions   regarding   the 
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aetiviiies  of  the  Instituiion  and  the  servioe  it  gave  to  its  memben. 

The  Honorary  Treasurer  (Mr.  Bobert  Annan)  said  that  in 
dealing  with  the  Accotints  he  wished  to  saj  that  the  Balance 
Sheet  showed  very  little  change  from  that  which  was  presented 
last  year.  The  total  of  the  Institution's  investments  was  shown 
at  their  original  cost  of  aroond  £118,000.  To-day's  market  vahie 
exceeded  that  figore  by  a  little  over  £4,000. 

The  reserve  for  contingencies  and  post-war  expenditure  remained 
at  the  figure  of  £6,700.  On  receipts  and  expenditure,  receipts 
showed  practiccdly  no  change  in  total,  expenditure  on  the  other 
hand  continued  to  mount. 

The  cost  of  printing,  of  pubUcations,  and  of  stationery  still 
continued  to  rise,  and  accounted  for  the  expenditure  of  nearly 
£400  more  in  the  past  year  than  in  the  previous  year. 

The  expense  of  meetings  was  reduced,  largely  owing  to  the 
fact  that  no  Annual  Dinner  could  be  held  last  year  and  the  main 
cost  of  the  Conference  on  Silicosis  was  met  in  the  previous  year^ 
a  very  small  balance  remaining  to  be  paid  in  1947-48. 

The  net  result  in  the  Accounts  showed  an  excess  of  expenditure 
over  receipts  of  £980 ;  that  compared  with  a  figure  of  £1,180  the 
previous  year,  £800  of  which  had  been  covered  by  withdrawing  that 
amount  £rom  the  reserve  for  post-war  expenditure. 

The  financial  position  of  the  Institution  had  naturally  undergone 
some  change  as  a  result  of  the  war.  The  membership  showed  only 
a  small  decrease  in  total,  but  the  significant  figure  was  that  the 
number  of  full  members  had  decreased  from  734  to  622.  He  was 
comparing  the  figure  with  that  of  ten  years  ago.  There  had  been 
a  much  smaller  increase  in  the  number  of  Associates  and  Students, 
but  the  net  result  was  that  the  revenue  from  subscriptions  was 
down  by  nearly  £600  per  annum.  With  the  steadily  mounting 
costs  they  had,  as  members  were  aware,  for  the  last  year  or  two 
been  unable  to  cover  expenditure  by  revenue. 

The    increases    in    salaries,    pensions,    superannuation,    etc-t 
amounted  to  80  per  cent  over  the  pre-war  figures.    It  was  in  accox*^ 
with  ordinary  commercial  experience  that  the  general  scale    ^:>^ 
salaries  had  risen  by  that  amount. 

The  cost  of  publications  and  printing  had  risen  by  almost  60  p^ 
cent  and  they  had  managed  to  offset  that  only  by  economy  in  tl 
rent  of  the  premises  which  they  occupied*    Thisit  was  down 
43  per  cent.    But  he  thought  it  would  be  agreed  that  was  not 
situation  they  would  care  to  have  exist  permanently.    The  Counc 
felt  they  must  look  to  the  time  when  the  Institution  would  be  seekin:==^ 
premises  more  suitable  for  its  purposes. 

The  Council  would  do  everything  in  their  power  to  avoid  cuttin^^^ 
down  the  services  the  Institution  rendered  to  its  members.    Th^^^ 
left  them  with  only  one  practical  method  of  getting  resources  an.  ^ 
that  was,  as  the  President  had  said,  by  endeavouring  by  all  meai^^ 
to  increase  the  membership.    They  should  particularly  encourage 
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Associate  Members  who  had  reached  the  status  when  they  could 
apply  for  full  Membership  to  do  so  and  not  wait.  It  was  only 
in  that  way  that  they  could  expect  to  continue  the  services  which 
the  Institution  should  give  to  its  members  and  meet  their  expenses. 
He  was  sure  they  would  all  agree  that  any  question  of  an  increase 
in  subscriptions  would  be  highly  undesirable. 

The  Institution  was  in  quite  a  sound  financial  position.  They 
still  had  £6,000  odd  which  had  been  put  by  during  the  war  and 
they  were  in  a  position  to  carry  on.  But  he  did  feel  that  they 
should  bend  their  efforts  to  increase  the  Institution's  revenue  so 
that  they  need  not  continue  to  draw  on  their  resources. 

He  seconded  the  proposal  for  the  adoption  of  the  Eeport  and 
Accounts. 

The  President  asked  for  questions,  but  none  was  forthcoming, 
and  the  Eeport  and  Accounts  were  adopted. 

Re-appointment  op  Auditors 

On  the  motion  of  Mr.  A.  F.  Raddiffe,  seconded  by  Mr.  L.  M. 
Winn,  Messrs.  Woodthorpe,  Bevan  &  Co.,  Chartered  Accountants, 
were  re-appointed  Auditors  of  the  Institution  for  the  current  year. 

Vote  of  Thanks  to  the  Geological  Society 

The  President  moved  that  the  thanks  of  the  Institution  be 
accorded  to  the  Council  of  the  Geological  Society  for  the  use  of 
their  rooms  for  the  General  Meetings  of  the  Institution  during  the 
present  Session. 

He  said  that  it  was  a  very  genuine  expression  of  gratitude,  for 
the  use  of  the  rooms  was  quite  invaluable  to  them. 

The  Honorary  Treasurer  seconded  the  vote  of  thanks  and 
it  was  carried  with  applause. 

Vote  of  Thanks  to  Council,  Officers  and  Staff 

Mr.  H.  H.  W.  Boyes  said  that  he  felt  very  honoured  in  having 
the  privilege  of  proposing  a  vote  of  thanks  to  the  Council  and 
Officers  of  the  Institution.  Members  thanked  them  for  their  very 
liard  work  and  for  their  care  and  guidance  of  the  affairs  of  the 
Institution  and  for  maintaining  the  status  and  reputation  of  the 
Institution  at  a  very  high  level. 

When  one  read  that  during  the  past  year  there  had  been  58 
meetings  of  the  Council,  one  realized  the  very  large  amount  of  very 
valuable  time  all  these  gentlemen  had  given  to  their  interests.  He 
felt  it  might  be  thought  that  sometimes  some  members,  especially 
those  who  lived  a  long  way  from  headquarters,  did  not  appreciate 
the  amount  of  work,  and  very  good  work,  which  was  done  by  the 
Council  and  Officers,  but  he  was  sure  that  in  the  majority  of  cases 
that  work  was  appreciated  and  that  members  were  grateful. 


22  FIFTT-BIOHTH  ANMUAIr  GBKBBAL  MBBTINO 

Ab  regards  the  permanent  staff,  he  felt  that  their  atidwart 
Secretary  was  really  deeenring  of  special  mention. 

Mr.  V.  O.  Reid  said  that  it  gave  him  great  pleasure  to  second 
the  vote  of  thanks.  He  thought  Mr.  Boyes  had  ably  put  into  words 
what  they  all  felt,  that  they  were  gratefol  to  the  Gonndl  and 
QfiGicers  for  the  hard  work  ib&j  had  done  and  for  the  great  amount 
of  time  they  had  spent  on  the  afihirs  of  the  Bistitution  during  the 
past  year.  Everyone  would  agree  that  the  work  they  had  put  in 
had  met  with  a  very  great  measiue  of  success. 

That  vote  of  thfl^iks  would  be  strongly  supported  by  members 
scattered  over  the  world,  to  whom  the  monthly  ButUm  meant 
not  only  a  breath  of  home  but  also  an  encouragement  and  an 
incentive  to  put  their  best  endeavour  into  their  particular  job. 

Mr.  Boyea  put  the  motion  to  the  Meeting  and  it  was  carried  by 

acclamation. 

The  President,  in  acknowledgement,  thanked  the  proposer 
and  seconder  for  the  way  in  which  they  had  spoken.  It  was 
particularly  pleasing  to  the  Council  to  have  the  expression  of 
thanks  from  members  from  overseas,  because  the  Council  was 
very  conscious  of  the  needs  of  the  overseas  members,  and  to  know 
that  those  members  appreciated  their  efforts  was  very  gratifying. 

(The  Meeting  then  adjourned  for  tea  until  5.15  p.m.) 

Fbbsbntation  of  Awabdb 
(a)  Certificates  of  Honorary  Membership 

The  President  said  that  the  award  of  Honorary  Membership 
of  the  Institution  was  given,  as  their  Bye-laws  told  them,  to 
persons  of  distinction  in  the  mining  or  metallurgical  industries, 
the  public  service,  science  or  the  arts.  He  had  great  pleasure  in 
announcing  three  such  awards.  The  first  went  to  Viscount 
Nuffield. 

Viscount  Nuffield  needed  no  description,  for  he  was  known 
the  world  over.  He  had  extended  his  gigantic  benefactions  to 
many  original  and  deserving  causes.  In  1943  he  had  established 
the  Nuffield  Foundation  with  £10,000,000-worth  of  Morris  Motors 
Stock.  This  had  been  aptly  described  as  '  his  greatest  benefaction, 
the  culmination  of  discriminating  philanthropy  extending  over 
more  than  20  years  *.  The  objects  of  the  Foundation  were  the 
advancement  of  health,  social  well-being,  and  the  care  of  the  aged 
poor.  The  second  object  included  scientific  research  and  improve- 
ments in  technical  education  and  the  provision  of  scholarships. 

Lord  Nuffield's  personal  and  keen  interest  in  extraction 
metallurgy  led  directly  to  the  decision  of  the  Trustees  of  the 
Nuffield  Foundation  in  1946  to  devote  £70,000,  to  be  spent  over  a 
period  of  five  years  in  some  way  which  would  be  of  benefit  to 
metallurgical  education  and  research  in  the  British  Empire. 

Through  the  good  offices  of  Dr.  J.  H.  Watson,  Member,  the 
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Foundation  had  been  ptit  into  touch  with  the  Institution,  and  the 
Council  had  been  invited  to  make  snggestionB  for  bringing  into 
e£Fect  Lprd  Nnffield's  intentions.  As  members  knew,  tike  result 
was  the  scheme  for  awarding  Nuffield  Foundation  Travelling 
FJ&Ilow^ps  and  Scholarships. 

The  first  awards  were  made  in  1947  and  up  to  the  present  11 
Fellowships,  15  Postgraduate  Scholarships  and  28  Vacation 
Scholarships  had  been  awarded.  The  Council  had  been  happy  to 
co-operate  with  the  Foundation  in  all  those  awards,  and  had  thus 
been  able  to  appreciate  the  great  value  of  the  scheme  to  metal- 
lurgical education. 

In  addition  to  those  awards,  the  Foundation  had  decided  to 
allocate  funds  for  a  Besearch  Fellowship  in  Extraction  Metallurgy, 
tenable  for  five  years  at  the  Imperial  College  of  Science  and 
Technology. 

In  recognition  of  the  great  benefit  to  the  advancement  of 
education  and  research  in  extraction  metallurgy  which  resulted 
from  his  benefaction,  the  President  said  he  had  the  privilege  to 
confer  on  Lord  Nuffield  Honorary  Membership  of  the  Institution. 
Their  only  regret  was  that  he  was  unable  to  be  present  to  receive 
the  award. 

Mr.  J.  Allen  Howe,  O.B.E.,  who  received  the  second  award, 
had  a  long  record  of  service 'with  the  Institution  to  his  credit; 
he  had  served  on  the  Council  since  1924  and  vm  President  for  two 
Sessions  during  the  war,  from  1942  to  1944.  He  had  inspired  the 
*  Memorandum  on  the  Production  of  Non-Ferrous  Metals  and 
Minerals,  other  than  coal,  in  Great  Britain ',  which  had  been 
submitted  by  the  Institution  to  the  Government.  He  was  respons- 
ible for  the  resuscitation  of  the  Empire  Council  of  Mining  and 
Metallurgical  Institutions  at  the  end  of  the  war,  of  which  he  had 
been  acting  President  until  ill-health  caused  his  retirement.  In 
consequence  he  was  largely  responsible  for  initiating  the  Fourth 
Empire  Mining  and  Metallurgical  Congress  to  be  held  in  London 
this  year.  He  had  been  Chairman  of  the  Library  Committee  for  a 
large  number  of  years  and  a  member  of  the  Geological  Survey  for 
30  years,  becoming  Assistant  Director  of  the  Survey  for  England 
and  Wales. 

The  President  said  that  it  was  with  great  pleasure  that  he 
conferred  the  award  upon  Mr.  Allen  Howe.  They  all  regretted 
very  much  that  ill  health  prevented  him  from  being  with  them  on 
this  occasion  but  the  following  message  had  been  received  from 
him : 

Please  convey  to  the  PreBident  and  Ck>uncil  my  sincere  thanks  for 
the  very  generous  aweuxi  of  Honorary  Memberahip  and  my  great 
regret  that  the  state  of  my  health  prevents  my  attendance  at  the 
Annual  Meeting. — ^Allen  Howe. 
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Dr.  S.  W.  Smith  who  received  the  third  award,  had  been  a 
Member  of  the  Institation  sinoe  1908  and  could  therefore  safely 
be  elevated  to  the  position  of  an  elder  statesman ;  yet  he  retained 
his  yonthful  manner  and  never-failing  sense  of  proportion  and 
wisdom  which  were  freely  available  whenever  they  were  needed* 
whether  it  be  at  the  Cooncil  table  or  in  private  consultation. 

He  had  been  a  Member  of  Council  since  1926  and  had  been 
President  in  1982.  The  Institution  was  particularly  indebted  to 
him  for  his  work  as  Honorary  Technical  Editor  for  metallurgical 
papers  for  the  last  ten  years.  The  standard  of  perfection  which 
was  attained  in  their  Transactions  was  due  to  his  paimitaking  work. 
He  had  had  a  long  record  of  service  at  the  Boyal  Mint  and  had 
held  the  office  of  Chief  Assayer  from  1926  to  1988. 

The  President  took  very  great  pleasure  in  conferring  the  award 
upon  him. 

Dr.  S.  W.  Smith  said  that  the  very  kind  words  of  the  President 
and  the  very  kind  reception  given  by  those  present  were  far  more 
than  he  deserved.  It  had  always  been  a  pleasure  as  well  as  a 
privilege  to  be  associated  with  those  who,  in  successive  years^  had 
been  entrusted  with  the  affairs  of  the  Institution.  It  was  true 
that  he  had  served  on  the  Council  for  a  number  of  years.  For  21 
of  those  years,  as  an  ex-officio  member,  he  had  been  immune  from 
the  uncertainties  of  a  ballot !  That  unconscionable  period  of 
immunity  from  election  had  not  been  due  entirely  to  defects  in  the 
Bye-laws  but  had  arisen  from  circfumstances  which  no  one  had 
regretted  more  than  he  had.  It  had  been  due  to  the  fact  that  the 
names  of  six  of  his  successors  now  appeared  in  italics  in  the  list 
of  Past-Presidents  and  their  places  on  the  Council  had  had  to  be 
filled  by  some  of  their  predecessors  in  office. 

In  thus  continuing  as  an  ex-officio  Member  of  Council  he  had 
always  felt  that  he  had  been  attempting  in  a  measure  to  act  as  a 
trustee  for  those  who  had  gone,  because  he  had  counted  them  all  as 
close  personal  friends  and  had  felt  he  could  perhaps  on  occasion 
realize  what  their  reactions  would  have  been  to  problems  or 
circumstances  which  had  arisen.  That  had  been  his  aim  and 
object.  , 

There  were  many  things  he  would  like  to  have  said  about  the 
Institution  and  its  activities,  which  were  increasing  in  all  directions. 
There  had  never  been  a  time  when  the  Institution  had  been  so  active 
in  so  many  ways. 

By  no  means  the  least  part  of  his  pleasure  in  receiving  the  award 
was  that  his  name  had  been  linked  with  that  of  his  Mend  Allen 
Howe.  They  all  regretted  that  Mr.  Howe  was  not  able  to  be  with 
them  but  the  speaker  had  seen  him  on  the  previous  morning  and  it 
was  to  be  hoped  that  he  would  be  seen  at  Institution  meetings 
again  before  very  long. 

Dr.  Smith  concluded  by  saying  that  another  pleasure  he  would 
derive  from  the  award  was  that  he  would  find  the  President's  name 


ItFTT-EIOHTH  ANNUAL  GENERAL   MEETING  25 

inscribed  on  the  document  which  would  always  recall  the  happiest 
of  memories. 

(b)  '  The  Consolidated  Gold  Fields  of  South  Africa,  Limited  ' 

Premium  of  Forty  Guineas 

The  Presidmt  said  that  to  Mr.  F.  H.  Fitch,  A.E.C.S.,  B.Sc, 
Associate  Member,  went  a  Premium  of  Forty  Guineas  for  his  paper 
on  '  The  Tin  Mines  of  the  Pahang  Consolidated  Company,  Limited*. 
In  that  admirable  paper  the  author  dealt  with  the  history  of  the 
mine  and  then  discussed  the  geology  with  particular  reference  to 
the  geological  structure  and  mineralization.  Many  valuable 
opinions  were  given  and  the  lines  along  which  further  work  should 
be  directed  were  set  out. 

That  paper  had  evoked  much  interesting  discussion  not  only  at 
the  Meeting  when  it  was  presented,  but  also  in  written  contributions. 
It  was  particularly  well  written  and  most  thoroughly  deserved 
that  coveted  award. 

As  the  author  was  in  Malaya  the  President  said  he  would  read 
a  letter  that  had  been  received  from  him  a  few  days  previously : 

Geological  Survey, 

Batu  Gajah, 

Peiuk,  Malaya. 

Dear  Sir,  2  May,  1949. 

I  wish  to  express,  to  you  and  the  members  of  the  Council  of  the  Institution, 
my  gratitude  for  the  totally  unexpected  award  of  the  *  Consolidated  Gold 
Fields  of  South  Afirica,  Limited  *,  premium  of  forty  guineas  for  my  paper 
on  *  The  Tin  Mines  of  Pahang  Consolidated  Co.,  L&.*.  This  award  has 
given  me  great  encouragement  in  the  final  stages  of  the  preparation  of  a 
more  detaued  account  forming  part  of  a  memoir,  on  the  geology  and  mineral 
resources  of  an  area  near  these  mines,  which  should  be  published  by  the 
Geological  Survey  some  time  this  year.  The  discussion  on  my  paper  was  of 
great  value  to  me  in  re-orientating  and  expanding  my  ideas  on  the  geology 
of  the  mines,  a  fact  which  will  be  acknowledged  in  the  new  publication. 

Yours  faithfully, 

F.  H.  FrrcH. 

The  President  was  sure  they  were  all  very  glad  to  be  able  to 
award  Mr.  Fitch  the  Premium. 

Vote  of  Thanks  to  the  Betibing  President 

• 

Mr.  L.  C.  Hill  moved  a  hearty  vote  of  thanks  to  the  retiring 
President  on  the  conclusion  of  his  year  in  office. 

He  had  heard  several  retiring  Past-Presidents  say  how  much 
they  had  enjoyed  their  term  of  office,  but  he  did  not  think  that 
should  mislead  the  rest  of  them  into  assuming  that  a  President's 
duties  were  one  long  round  of  pleasure.  It  was  true  that  the 
President  did  have  to  represent  the  Institution  on  various  occasions, 
but  there  was  more  to  it  than  that. 

He  was  sure  that  their  President  had,  on  their  behalf,  attended 
several  dignified  dinners,  and  had  probably  enjoyed  them  to  the 
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extent  which  Mr.  Straohey's  stringent  regolationB  would  mllow, 
but  that  after  all  was  only  the  li^tcor  side  of  the  President's  dutim 
and  oould  be  eoonted  as  a  perquisite  no  one  wonld  deny  him. 

The  more  serious  Fresidentiid  duties  were  carried  out  more  or 
less  behind  the  scenes,  and  Members  of  Oonncil  wonld  realiie  to 
what  extent  exacting  calls  had  been  made  Ob  both  the  time  and 
patience  ot  their  l^esident,  calls  to  which  he  had  given  such 
admirable  attention.    It  was  not  a  bad  record  to  have  presided 
over  something  like  16  General  and  Council  meetings  and  to  have 
attended  np  to  20  or  25  Committee  Meetings,  in  addition  to  all  the 
other  duties  that  even  they  knew  notlung  about*     That  was 
particularly  true  when  they  remembered  that  the  pohtioal  situation 
in  India,  with  its  obvious  repercussions  on  Messrs.  John  Taylor  & 
Sons'  responsibiUties  for  the  management  of  the  Mysore  gold  mines, 
must  have  added  considerably  to  the  burden  of  his  extmial  duties 
during  the  year.    It  had  entailed  two  trips  to  India  for  him  and 
flying,  though  speedy,  was  a  tiring  way  of  getting  about  the  world. 
On  one  occasion  the  President  had  stated  at  a  Council  Meeting  that 
he  had  left  Karachi  only  48  hours  previously. 

Attention  had  been  (brawn  in  the  Presidential  Address  a  year  ago 
to  the  necessitv  for  increasing  by  all  possible  means  the  services 
rendered  by  the  Institution  to  their  members,  especially  those 
members  who  lived  abroad,  and  the  President  had  himself  made 
several  most  valuable  suggestions  which  were  being  studied  and 
which  would  no  doubt  bear  fruit  in  the  near  future. 

Members  of  Council,  over  whose  deliberations  Mr.  Taylor  had 
presided  so  effectively,  had  drawn  inspiration  from  his  conduct  of 
affairs,  and  on  their  behalf  and  on  the  behalf  of  members  in  general 
the  speaker  wished  to  congratulate  him  on  an  eventful  and 
successful  year,  and  to  thank  him  most  heartily  for  the  excellent 
services  he  had  rendered  to  the  Institution  during  his  term  of  office. 

Mr.  E.  G.  Lawford  seconded  the  vote  of  thanks  to  Mr.  Taylor 
and  said  that  Mr.  Hill  had  spoken  so  entirely  to  the  point  that  there 
was  very  little  left  to  say.  In  seconding  the  vote  he  would  confine 
himself  to  stressing  one  particular  point — ^namely,  that  the 
President's  year  of  office  had  coincided  with  a  particularly  strenuous 
and  exhausting  year  in  his  own  business  and  he,  the  speaker,  had 
watched  with  amazed  admiration  the  way  in  which  the  President 
had  shouldered  this  double  burden. 

Mr.  Hill  put  the  motion  to  the  Meeting  and  it  was  carried  with 
acclamation. 

The  President  in  acknowledgement  thanked  the  proposer  and 
seconder  most  sincerely  for  the  vote  of  thanks;  It  was  always 
rather  embarrassing  to  have  to  reply  to  such  flattering  comments, 
and  all  he  would  say  was  that  it  was  to  him  most  gratifying  to 
know  that  his  efforts  to  discharge  the  duties  of  that  responsible 
office  had  met  with  approval.  There  was  no  doubt  that  those  last 
moments  of  the  President's  term  of  office  were  the  most  pleasant^ 
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and  he  for  one  felt  rather  like  a  runner  in  a  relay  race  who  a  year 
ago»  with  trembling  fingers  and  beating  heart  was  handed  the  baton 
of  offiee  from  the  previous  runner  and  who,  having  completed  the 
full  oirouit  of  a  year's  course,  was  now  within  the  last  few  strides  of 
the  base.  With  somewhat  tired  limbs  but  nevertheless  a  g^ow  of 
satisfaction  the  baton  was  held  out  for  the  next  runner  to  cany  on 
the  race. 

So  one  President  succeeded  another,  each  inspired  by  the  tradition 
of  the  past  and  the  opportunities  for  achievement  in  the  future. 

The  President,  however,  was  not  alone,  for  in  the  management 
of  the  affairs  of  the  Institution  the  multitude  of  counsel  prevailed, 
and  each  President  in  turn  acknowledged  that  any  success  achieved 
during  his  term  of  office  was  the  result  of  the  combined  efforts  of 
his  team,  the  Members  of  Council  and  the  Secretary.  Like  hia 
predecessors  he,  too,  would  generously  acknowledge  the  splendid 
help  and  support  he  had  received  so  willingly  from  the  Council. 

It  was  true  that  he  had  had  many  other  duties  to  perform  and 
but  for  the  assistance  and  spade  work  which  was  done  by  Members 
of  Council  in  committee  and  at  the  Council  Meetings  what  they  had 
seen  achieved  would  have  been  impossible. 

Finally,  he  wished  to  acknowledge  the  unfailing  help  and  guidance 
he  had  received  from  Mr.  Felton  at  all  times.  It  should  be  realized 
that  the  growing  activities  of  the  Institution  carried  with  them  a 
corresponding  increase  in  the  volume  and  importance  of  the 
Secretary's  work. 

Induction  of  the  New  President 

Mr.  Taylor  said  he  had  now  come  to  the  last  of  his  duties — to 
which  he  confessed  he  had  been  looking  forward  with  the  greatest 
pleasure  for  the  past  few  weeks — namely,  the  induction  of  the  new 
President. 

Mr.  Newman  had  served  on  the  Council  since  1987  and  had 
represented  the  Institution  on  the  Joint  Committees  on  Metal- 
lurgical Education  and  National  Certificates  in  Metallurgy.  He 
was  an  acknowledged  authority  on  technical  education  and  he 
had  served  for  many  years  at  the  Eoyal  Mint  where  he  had  held 
the  responsible  office  of  Chemist  and  Assayer  since  1945. 

In  handing  over  the  Presidential  duties  to  Mr.  W.  A.  C.  Newman 
the  President  knew  they  would  be  in  safe  and  capable  hands, 
and  he  wished  him  and  the  Institution  every  success  during  his 
term  of  office. 

Mr.  W.  A.  C.  Newman  then  took  the  Chair  and  said  he  was 
very  grateful  and  appreciative  of  the  kind  words  in  which  Mr. 
Taylor  had  referred  to  him  and  to  the  few  directions  in  which  he 
had  been  able  to  help  the  Institution — as  every  true  member  would 
have  done  if  he  had  had  the  opportunity. 

It  seemed  but  a  few  years  since  the  late  Professor  Merrett  signed 
Iiis  application  form  as  a  student.    Actually  it  was  88  years  ago. 
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and  in  the  intervening  years  the  value  of  the  Institution  to  the 
individual  and  the  profession  had  been  increasingly  borne  in  opon 
him.  Until  a  few  months  ago,  however,  he  had  had  no  thooght 
that  he  would  be  occupying  the  position  to  which  the  Crooncil 
had  so  generously  elected  him  and  that  he  would  be  able  to  range 
himself  with  the  stalwarts  of  the  past  who  had  raised  the  traditions 
of  the  Institution  to  such  a  high  level.  He  was  reassured,  howevw, 
by  the  knowledge  that  a  good  many  Fast-Presidents  were  still 
active  in  the  Institution,  that  the  C!ouncil  was  at  all  timee  most 
helpful  and  considerate,  and  that  *they  had  a  Secretary  and  staff 
on  whom  they  could  confidently  rely.  For  his  part,  he  was  all  too 
well  aware  of  the  responsibilities  which  Presidency  brought,  but 
he  accepted  them  and  would  meet  them  to  the  best  of  his  ability. 
If  he  should  falter — as  might  very  well  happen — ^he  trusted  they 
would  be  very  indulgent. 

He  then  delivered  his  Presidential  Address. 

{This  is  reproduced  on  pages  1  to  16  of  this  Bulletin.) 

Vote  of  Thanks  to.  the  President 

Mr.  Stanley  Robaon  proposed  a  hearty  vote  of  thanks  to  the 
President  for  his  stimulating  Address. 

He  said  that  last  year  they  had  listened  to  a  review  of  the 
Institution's  activities  in  the  past  from  Mr.  Taylor  and  to  his 
comments  on  the  present  and  the  future  of  the  Institution,  in  which 
attention  had  been  called,  amongst  other  things,  to  the  great 
importance  of  metallurgical  education.  The  Address  that  evening 
had  followed  in  natural  sequence  and  had  dealt  in  more  detail  in 
the  same  masterly  way  with  the  special  problems  of  education. 

Few  people  could  have  covered  the  ground  in  the  same  adequate 
manner  as  the  President  had  done  that  evening.  It  had  been  the 
speaker's  privilege  to  have  been  associated  with  him  in  a  small 
way  in  some  of  the  activities  to  which  reference  had  been  made, 
and  he  wished  to  add  his  tribute  also  to  the  Nuffield  Foundation 
and  the  Mond  Nickel  Company  which  had  given  such  real  help  to 
education  in  endowing  Scholarships  and  Fellowships. 

The  President's  work  in  representing  the  Institution  in  those 
matters  was  greatly  valued  and  he«  had  been  told  by  one  of  the 
senior  officials  of  the  Nuffield  Foundation  that  he  always  rang, 
Mr.  Newman  up  when  any  metallurgical  scholarship  problem. 
arose  and  he  always  helped  him  out — such  indeed  was  the  reliance^ 
that  those  who  worked  with  Mr.  Newman  learnt  to  put  upon  him. 

Mr.  Newman's  services  to  education,  his  experience  and  the^^ 
breadth  of  his  knowledge  of  metallurgy  were  great.  He  was^ 
interested  in  both  sides  of  metallurgy — ^in  its  physical  as  well  as  it^ 
chemical  aspects.  He  was  the  Honorary  Treasurer  of  the  Institutes^ 
of  Metals,  whose  main  interests  were  in  the  former  field.  His  clos€<^ 
touch  with  extractive  metallurgy  had  been  clearly  set  out  in  his^ 
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Address  and,  of  coarse,  he  had  been  for  many  years  not  only  an 
active  Member  of  the  Institution,  but  practised  metallurgy  at  a' 
very  high  level  in  his  own  professional  work  at  the  Boyal  Mint. 

Mr.  Bobson  said  hd  did  not  propose  to  comment  on  the  details 
of  the  Address  but  he  would  like  to  express  his  appreciation  of  its 
logic  and  comprehensiveness  and  to  record  his  pleasure  in  the 
emphasis  which  had  been  put  on  the  need  for  a  broad  basis  of 
general  education  and  his  remarks  about  the  very  high  standard  of 
training  necessary  for  the  profession  of  metallurgy. 

Professor  C.  W.  Dannatt,  in  seconding  the  motion,  said 
that  they  had  listened  with  the  greatest  interest  to  an  able  and 
comprehensive  review  of  a  subject  that  had  been  under  fierce 
scrutiny  for  the  past  five  years  or  more.  Eeference  had  been 
made  to  the  excellence  of  the  President's  Address,  but  he  thought 
that  was  only  to  be  expected.  Knowing  the  President,  his 
thoroughness  and  his  extreme  interest  in  his  subject,  it  was  inevit- 
able that  the  Address  would  be  of  outstanding  merit. 

There  had  been  mention  of  the  interest  that  had  always  been 
taken  by  the  Institution  in  the  education  of  students.  That 
interest  was  most  warmly  appreciated,  particularly  so  at  the 
Boyal  School  of  Mines,  which  had  thereby  gained  the  assistance  and 
direction  of  Mr.  McDermott.  It  seemed  probable  that  that  interest 
would  increase  under  Mr.  Newman's  guidance  and  he  hoped  that  it 
would  be  so. 

Dr.  Smith  had  drawn  an  analogy  to  golf.  He,  the  speaker,  would 
like  to  draw  a  second  analogy  to  cricket.  As  a  professional  teacher 
he  felt  that  he  and  his  colleagues  in  the  Institution  might  be 
considered  as  *  Players  *  whereas  the  President  was  one  of  the 
*  Gentlemen  '.  Should  the  President  decide  to  lead  an  Institution 
team  in  this  educational  game,  he  could  be  assured  of  the  willing 
support  of  all  the  Players  as  well  as  that  of  the  other  members, 
the  Gentlemen.  In  such  an  event  he  trusted  that  the  President 
would  *  carry  his  bat '  through  a  highly  successful  innings. 

Mr.  Robson  put  the  motion  to  the  Meeting  and  it  was  carried 
by  acclamation. 

The  President,  in  acknowledgement,  thanked  the  proposer  and 
seconder  of  the  motion  for  their  kind  expressions.  He  had  had 
some  qualms  in  thinking  out  and  constructing  something  suitable 
to  say  in  his  Address  but  he  hoped  that  what  he  had  said  would  be 
of  interest  and  value  to  members  of  the  Institution.  He  had, 
however,  only  been  able  to  touch  on  the  fringes  of  certain 
aspects  of  the  Institution's  work. 

With  reference  to  Professor  Dannatt's  cricket  analog,  as  regards 
Gentlemen  and  Players  he  wished  to  add  that  in  all  circumstances 
the  Professor  and  himself  and  those  whom  they  represented  all 
went  in  by  the  same  door  and  came  out  by  the  same  door ! 


so 
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BSPOBT  OF  SoSDTUfSBBS 

Major  H.  R.  Kerr,  on  behalf  of  ihe  Senitinden,  reported  the 
resolt  of  the  ballot  for  the  election  of  Members  of  Cooneil  for  the 
Session  1949-1960,  which  was  as  follows : 

Josv  Dnnrs  Mbad  (Malaifa) 

BOBBBT  GbOSOB  KuOt  MOBBISON 

(India) 
OmowwBMT  MtraKOATB  XModuia) 
Josh  Bsnaira  RzoKABDeoir 
KamiaxH  RxoBABDsoir  {8amA  AJHea) 
JoBir  Ahtbomt  Szdmst  Bnaov 
Stamx^by  RoBSOir 

RZGHABJ>  HUOK  SkSLTOW 

Sir  Edkumd  Oswau)  Tmajm 

JOSXPH  HSBBKBT  WaXSOSI 

Qbobgb  Auoxjbxub  Wbxtwobts 
Abihub  Robbbt  Owxk  Wouabs 
DAvm  WnuAMS 

OUVSE  HOLMSS  WOODWABD 

{Autiralia) 


John  Caij>wsli:.  Aixah 
Qbosgx  Ksixk  Axxmr 
Abthub  Thbodobx  GLDCIlS 

(We9$  Africa) 
CmoiL  WnxzAir  Dankatt 
John  Bbgk  Dbnnibon 
Randouphb  Wxlliak  Diamond 

(Canada) 
JSir  Lbwis  Lhxok  Fbbkoh 
Sir  Paui.  Gxjbtbbbook 
Hbnbt  Robinson  Hoijcbs 

NOBXAN  Ross  JUNNXB 
SVXLTN  GODVBBT  LAWTOBD 

CabXi  O.  Lindbxbo  (UJSjL,) 

EdWABD  AXOS  IjOBINO 

RoBBBT  SFBINOBTT  liAflmTiTJOTW 


The  Presidoit  proposed  a  vote  of  thanks  to  the  SomtiiieatB 
for  their  work,  which  was  carried  with  applause,  and  the  Heetiog 
then  concluded. 


M  •  bodr  te  not  r— poMltlB  for  th* 

'  In  maj  cf  Ita  paMJcaHo— . 


[il  Paper  jmblished  on  14A  July,  1949,  for 
discussion  by  correspondence. 

Management  in  Industry* 

By  F.  0.  Hill,  B.Sc.,  B.A.,  Member 

SUMMARY 

This  paper  deals  with  the  functioning  of  and  the  training  for  management 
in  industry.  It  makes  a  claim  for  a  broader  interpretation  of  the  scope 
and  duties  of  management,  and  suggest  that  South  Afirioan  industrialists 
should  not  neglect  what  is  being  done  in  the  older  industrialised  centres 
to  train  potential  and  active  executives  for  the  exacting  tasks  of  manage- 
ment. 

Nearly  every  President  who  has  preceded  me  in  office  has  prefaced 
his  address  by  remarking  on  the  difficulty  of  choosing  a  subject. 
I  was  more  fortunate.  The  subject  of  management  is  one  over 
which  I  have  brooded  for  many  years.  That  so  important  a  factor 
in  industry  should  receive  so  little  mention  in  papers  read  before 
our  technical  and  engineering  societies  has  always  been  to  me  a 
matter  of  concern.  I  long  ago  resolved,  therefore,  that  if  ever  the 
opportunity  arose  I  would  prepare  a  paper  or  give  an  address  on 
the  subject.  By  electing  me  your  President,  and  thus  making  me 
follow  the  traditional  procedure  of  delivering  a  presidential  address, 
you  have  given  me  this  opportunity.  In  my  own  mind  I  had  no 
choice  of  subject — ^it  just  bski  to  be  management.  If  it  seems  to 
some  not  wholly  appropriate,  I  would  plead  that  it  may  at  least 
be  of  general  interest,  and  has  also  some  claim  to  importance. 

I  propose  in  this  address  to  show  how  large  a  place  industry 
occupies  in  the  present-day  world,  to  indicate  why  management  is 
80  important,  and  to  discuss  changes  in  organizational  structure  in 
I'elation  to  the  growth  and  complexity  of  modem  industry  ;  I  want 
to    talk  also  of  the  special  problems  that  confront  industrial 
luanagers  to-day,  of  the  tasks  of  management  and  of  the  methods 
tliat  are  being  devised  and  used  to  cope  with  size  of  organization. 
Increased  technical  knowledge  and  the  growing  democratic  con- 
sciousness of  individual  employees  and  of  groups  of  employees. 
Xn  particular  I  want  to  make  a  plea  for  education  for  management. 
Xn  the  years  that  Ue  ahead  South  Africa  will  have  to  face  fierce 
industrial  competition  from  abroad.    Are  we  to  go  to  our  Govem- 
X^ent  and  ask  for  high  tariff  walls  ?  for  a  protecting  shield  which 
i:iacreases  the  cost  of  living?  Or  are  we  to  meet  competition  by 
i:iacreasing  our  industrial  efficiency  to  the  uttermost  ?  The  last 
^^ourse  is  surely  preferable,  but  as  I  see  it  this  goal  will  never  be 
attained  unless  we  have  first-class  leaders  in  industry,  and  we  shall 
ever  have  these  in  sufficient  numbers  unless  the  latent  managerial 

^Presidential  Address  to  the  Chemical,  Metallurgical  and  Mining  Society 
*■£  South  Africa  (•/.  Chem,  Min,  Soc.  S,  Afr,,  49,  Aug.  1948)  and  reproduced 
^y  kind  permission  of  the  Society. 
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abilities  of  onr  young  mon  are,  by  trainings  brought  oat  and 
developed  to  the  full. 

Thb  Position  op  Industry  in  the  Modsbn  WobiiD 

I  remember  as  if  it  were  yesterday  the  stress  which  our  history 
master  laid  on  the  Industrial  Bevolation  which  shook  Bng^d  'm 
the  eighteenth  century.   As  with  most  other  children,  I  had  oome  to 
regard  history  as  the  story  of  wars  and  kings,  with  a  far  too  libenl 
interspersion  of  dates  and  periods.    Our  history  master's  emphaaii 
on  so  mundane  a  thing  as  industry  was  therefore  strildng  and  made 
a  deep  impression  upon  us,  for  previously  we  had  thou^t  of 
history  in  terms  mainly  of  miUtary  achievement.     Bat  it  was 
only  in  later  years  that  one  came  to  realize  what  a  profound  efieet 
the  advent  of  the  machine  was  to  have  on  the  story  of  manldiuL 
In  England,  where  the  machine  was  first  developed  for  large-sesfe 
industrial  production,  wealth  rose  by  leaps  and  bounds.   Ei^land*! 
trade  and  power  became  the  envy  of  the  world.   Where  she  luid  led, 
others  were  soon  to  follow  and  the  world's  industrial  era  hftd 
begun. 

During  the  past  one  hundred  and  fifty  years  there  have  been 
prodigious  advances,  and  this  brief  glance  back  at  the  beginniiigv 
of  the  era  has  been  made  only  to  show  the  rapidity  of  indostriii 
growth,  a  growth  which  has  not  stopped,  and  which  indeed, 
judging  by  the  past  twenty  years,  is  accelerating.  Industry  now 
looms  large  in  the  life  of  the  so-called  civilized  peoples  of  the  world. 
It  is  therefore  important — how  important  the  following  facto 
and  figures 'will  show. 

In  the  United  States  of  America,  the  most  highly  industrialised 
of  all  countries,  there  are  to-day  nearly  16,000,000  wage  and 
salary  workers  in  the  manufacturing  industries.  The  total  popula- 
tion is  some  140,000,000,  so  that  about  11  per  cent  are  engaged 
in  the  manufacture  of  goods.  Another  million  are  employed  in 
mining.  But  it  is  not  only  in  terms  of  numbers  employed  that 
industry  in  this  great  country  is  important — it  is  important,  too, 
because  of  the  high  production  per  unit  of  labour. 

Thus  it  has  been  estimated  that  the  U.S.A.,  with  7  per  cent  of 
the  world's  population,  produces  40  per  cent  of  the  world's  wealth. 
Expressed  in  another  way,  the  U.S.A.,  per  head  of  population* 
produces  nine  times  as  much  as  the  other  peoples  of  the  world.  She 
has  great  natural  resources,  it  is  true,  but  it  is  mainly  by  her 
genius  for  industry  that  the  standard  of  living  of  her  people  is  to-daj 
so  incomparably  high. 

How  do  the  South  African  figures  compare  ?  The  proportions 
employed  in  mining  and  manufacturing  are  not  dissimilar.  ThoB 
of  the  11,000,000  people  in  this  country,  there  were  in  1945  jnBt 
over  1,000,000  employees  in  the  mining  and  manufacturing 
industries.  This  represents  nearly  10  per  cent  of  the  population, 
the  corresponding  American  figure  being  11-12  per  cent. 

Of  our  present  1,100,000  employees  in  industry,  about  460,000 
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are  employed  in  mining.  This  latter  number  has  changed  com- 
paratively little  in  recent  years— from  405,000  in  1985  to  460,000 
in  1948.  In  other  industries — the  ao-called  secondary  industries — 
the  story  is  very  different.  The  war  has  given  a  great  impetus  to 
development,  and  the  figure  for  employees  has  risen  from  38*2,000 
in  1985  to  654,000  in  1945,  the  last  year  for  which  official  statistics 
are  available.  These  figures  are  proof,  if  such  were  needed,  that 
industry  is  coming  to  play  a  larger  and  larger  part  in  our  national 
life  and  economv.  Any  factors  which  mav  contribute  to  the 
efficiency  of  our  industries  should  therefore  receive  thou'ght  and 
support  from  all  who  have  the  welfare  of  our  country  at  heart. 
One  of  the  factors  most  far-reaching  in  its  effects  on  efficiency  is 
management,  and  it  is  to  this  subject  that  I  shall  now  turn  my 
attention. 

The  Place  of  Management  in  Industry 
The  word  industry  brings  to  mind  labour,  machines  and  raw 
material.     But  these  in  themselves  do  not  make  up  industry — 
labour  must  be  directed  and  cimtrolled  and  organizations  nmat  be 
created  if  the  aims  of  industry  are  to  bt»  achieved.    This  function 
of  organizing,  of  directing  and  co-ordinating  the  work  of  men  and 
machines,  goes  by  the  general  nanie  of  management.     The  word 
administration  is  often  up^hI  in  the  same  sense,  but  administration 
and  management  are  not  strictly  synonyms.     Administration  is 
directive,  management  is  executive.     The  machine  which  manage- 
ment uses  for  carrying  out  the  aims  of  the  enterprise  is  the  organiza- 
tion.    This  paper  is  in  some  measun^  concerned  with  all  three — 
with  administration,  with  management  and  with  organization — 
but  the  main  emphasis  will  be  on  management  as  an  executive 
function,  and  management  will  be  taken  to  mean  all  those  activities 
in  industry  and  commerce?  involving  responsibility  for  the  work  of 
others.     This  concept  may  seem  general  and  vague,  but  I  think 
responsibility  for  the  work  of  others  is  the  kernel  of  the  matter. 
Management  is  not  the  prerogative  of  the  top  executives  only  ; 
the  management  function  is  ex^Tcised  by  any  person  in  an  organiza- 
tion who  has  supervisory  duties,  from  the  general  manager  to  the 
foreman  on  the  lowest  rung.    An  example  from  industry  may  help 
to   make  this  clear.     Being  more  familiar  with  the  gold  mining 
industry  than  with  any  other,  I  shall  take  as  my  example  a  small 
fi^oUl  mine  on  the  Witwatersrand,  it  being  understood  that  my 
remarks  about  the  management  and  organization  in  relation  to  this 
Bniall  mine  would  apply  equally  well  to  other  industrial  concerns. 

The  mine  crushes  about  4,000  tons  of  on;  per  month  and  has  a 
labour  force  of  approximately  40  pjuropeans  and  800  natives.  The 
organizational  set-up  is  as  follows  : 

Tlie  Manager  of  the  mine  is  the  chief  executive  officer,  who  is 
responsible  to  his  Board  for  the  rumiing  of  the  mine.  To  assist  him 
ill  his  duties  he  has  under  his  direct  control  a  mine-captain,  an 
Engineer,  a  reduction  officer  and  a  secretary.  Each  one  of  these 
iiien  is  a  departme^ital  head,  that  is,  he  is  respousibVvi  lox  \\\o. 
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operations  in  his  department. 

The  manager's  main  task  is  to  get  his  departmental  heads  to  work 
together  as  a  team,  to  co-ordinate  their  efforts  and  ensure  that  there 
are  no  bottlenecks  which  aifect  production.    His  duties  are  mainlj 
to  plan,  to  co-ordinate,  to  direct  and  to  control,  and  in  a  small 
undertaking  such  as  this  it  might  be  assessed  that  50  per  cent  of 
his  time  is  taken  up  with  this  type  of  managerial  work.     The 
remaining  50  per  cent  of  his  time  may  be  devoted  to  technical 
problems.    He  cannot  do  the  job  for  each  of  his  senior  staflf— he 
must  delegate  authorit3\  and  the  authority  he  delegates  is  mainly 
in  respect  of  the  technical  function.     The  departmental  head  is 
appointed  because  of  his  special  abilities  for  the  running  of  that 
department,  and  he  finds  there  are  far  greater  calls  on  his  technical 
knowledge  than  is  the  case  with  his  manager.    The  manager  rarely 
gives  explicit  technical  details  as  to  how  a  thing  should  be  done; 
he  indicates  goals  or  targets  and  says  what  should  be  done ;  the 
more  expert  (because  more  specialized)  departmental  head  gives 
instructions  as  to  hoiv  it  should  be  done.    The  departmental  head's 
duties  may  be  60  per  cent  technical,  but  40  per  cent  would  still  be 
managerial.     As   we   move   further   down   the   organization  the 
management  function  is  still  exercised,  but  becomes  quantitatively 
and  qualitatively  of  loss  importance.    Thus  the  next  in  rank  below 
the   mine-captain  is   the  shift-boss — who  is  responsible  for  the 
running  of  his  section  of  the  mine.    He  gives  instructions  on  the 
drilling  of  holes,  methods  of  lashing,  erecting  of  supports  and  so  on, 
and  70  per  cent  of  his  time  is  probably  spent  on  this  type  of  work. 
But  he  still  has  to  supervise  several  miners  and  trammers  and 
perhaps  a  few  hundred  natives.    He  has  to  organize  them  into  an 
etiicient  production  unit,  and  he  is  a  manager  to  the  extent  that 
he  is  responsible*  for  the  work  of  others.    Below  him  is  the  miner 
in  charf^e  of  a  gang  of,  say,  20  natives.     The  miner  does  manual 
technical  work  himself,  e.g.,  Ik^  marks  oflP  holes  and  charges  them 
up.     He  gives  detailed  instructions  as  to  where  supports  should 
go,  where  lashing  of  rock  should  be  done,  and  is  responsible  for  his 
small  portion  of  th(»  mine.    His  technical  work  may  be  80  per  c^^^ 
— but  he  still  has  a  20  per  cent  residue  of  management  w^ork.    Und**^ 
him  would  be  native  supervisors  or  l)oss-boys,  each  of  whom  wo'^t 
be  in  charge  of  live  to  ten  natives.    The  boss- boy  has  to  train  J^* 
gang  and  make  thi*m  do  their  jobs  well — probably  90  per  cent-^  '^. 
his  (lutii'S  are  technical,  the  remaining  10  per  cent  manager*  ^^ 
Finally  the  native  lasher  or  tinil)er  boy  does  work  which  is  pur*^  - 
technioal. 

The  percentages  quoted  vary  with  men  and  size  of  organizati  *^^1 
They  an*  at  best  only  rnugh  approximations,  and  have  been  u^s^' 
mer«'ly  to  show  the  decreasing  trend  of  managerial  respon.sibil   ^  • 
as  one  moves  down  the  ladder. 

From  the  toj)  to  all  but  the  bottom  grade  of  the  organizati^^*,. 
then,  we  find  the  management  function  exorcised — from  0^  \ 
managtT  with  wide  knowhfdge  and  responsibilities  to  the  boss-b=^^^^^^^^ 
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■with  smaller  knowledge  and  responsibilities,  from  complex 
problems  and  situations  to  simple  problems  and  situations. 

I  have  dealt  with  this  example  at  some  length  in  order  to  illustrate 
how  management  operates  at  all  levels,  but  in  this  address  I 
propose  to  deal  more  specifically  with  the  problems  facing  the 
general  manager  and  top  executives,  for  it  is  they  w^ho  feel  most 
the  impact  of  the  changes  that  are  affecting  modern  industry. 

First  then,  let  us  consider  management's  machine — the  organiza- 
tion— and  see  how  its  simple  line  or  departmental  structure  has 
been  changed  by  increased  scale  of  operations  and  by  increased 
scientific  and  technical  knowledge. 

The  Organization  and  the  Advent  of  Specialist 

Departments 

The  technique  of  mass  production,  evolved  to  satisfy  the  demand 
for  cheap  goods  in  quantity,  has  led  to  large  organizations.  A 
characteristic  feature  of  a  large  organization  is  specialization  of 
the  work  of  individuals.  Henry  Ford's  assembly  hues  are  too  well 
known  to  need  description.  They  exemplify  the  extent  to  which 
specialization  may  proceed — a  man  may  punch  a  hole  in  a  plate 
day  in  and  day  out  for  months  and  years  on  end.  The  change  from 
small  to  large-scale  industry  has  meant  the  change  from  a  few 
workers  each  doing  several  jol)8  to  many  workers  each  doing  a 
speciaUst  job.  The  average  industrial  worker  in  a  large  factory 
enjoys  a  higher  standard  of  living  than  liis  forbears,  but  he  pays 
the  price  of  monotonous  work.  Increased  size,  then,  has  brought 
specialization,  and  specialization  has  thrown  into  sharp  relief 
the  need  for  co-ordination.  There  nmst  be  great  competence  on 
the  part  of  executives  if  losses  are  not  to  be  sufifered  from  indifferent 
co-ordination.  The  larger  a  concern  the  greater  the  skill  required, 
and  indeed  the  growth  of  a  business  may  ultimately  be  arrested 
by  the  limiting  factor  of  inability  to  co-ordinate  well. 

Another  feature  of  large  organizations  is  the  functional  or 
specialist  department  as  distinct  from  the  specialist  individual. 
By  this  system,  *  specific  functions  conimon  to  all  or  several 
departments  .  .  .  are  each  placed  in  the  hands  of  a  man  specifically 
qualified  for  his  particular  function,  and  instead  of  giving  attention 
to  all  the  factors  in  one  department  he  gives  his  attention  to  one 
factor  in  all  dt*partnients  '.  Examples  come  readily  to  mind. 
Thus  the  chief  storekt»eper  of  any  large  firm  is  a  functional  head — 
his  department  purchases  stores  for  all  departments  ;  another 
example  would  be  the  officer  in  charge  of  transport,  while  on  a  gold 
mine  we  may  cite  as  an  example  the  compfmnd  department,  wliich 
cares  for  native  labour  not  only  for  the  mining  department  but  for 
the  (Jther  departments  as  well. 

This  form  of  specialization  in  which  departments  are  responsible 
for  a  specific  function  has  given  rise  to  the  term  *  functional 
organization  \  No  organizations,  however,  are  purely  functional. 
Thu^  on  a  large  gold  mine  the  set-up  is  both  departmental  and 
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functional.  Departmental  heads  are  the  engineer,  the  secretary, 
the  n^ductiun  oMcer,  the  underground  manager ;  functional  heads 
are  the  chief  surveyor  and  the  compound  manager,  these  last  two 
giving  specific  services  to  the  other  departments.  It  should  be 
noted,  however,  that  though  these  specific  services  are  functional, 
they  are  *  line  '  or  executive  ser\^ices,  i.e.,  they  are  basic  functions 
for  production.  A  mine's  output  would  suffer  considerably  if  the 
compound  manager  allowed  the  housing,  feeding  and  general 
welfare  of  his  native  labour  to  go  awry. 

A  functional  set-up,  however,  tends  to  reverse  the  principle  of 
decentralization  and  to  throw  more  work  on  to  the  general  manager. 
If  the  transport  officer  has  too  many  calls  on  his  transport  he  must 
refer  to  the  general  manager  for  rulings  on  priority.  Other 
functional  heads  must  also  come"  to  the  general  manager  for 
decisions,  and  it  is  clear  that  too  much  functionalizing  makes 
control  and  co-ordination  remote  and  difficult. 

Experience  has  proved,  however,  that  for  efficiency  in  a  large 
concern  there  must  be  some  functional  departments,  and  thus  the 
manager  becomes  more  and  more  a  co-ordinator,  and  less  and  less 
a  technician  giving  instructions  as  to  how  jobs  should  be  performed* 
He  does  not  necessarily  do  more  work  because  he  has  more  depart- 
ment heads  under  his  direct  control — he  merely  changes  the  nature 
of  his  work.  As  his  responsibilities  for  co-ordination  increase,  so 
he  sheds  some  of  his  technical  burdens  and  delegates  authority 
for  technical  decisions  to  his  departmental  and  functional  experts. 

Increased  size  of  organization,  then,  along  with  vast  increases  in 
technical  knowledge,  have  resulted  in  specialization  and  functionali- 
zation.  There  must  then  necessarily  follow  a  high  standard  of 
co-ordination,  and  this  emerges  as  the  manager's  main  task. 
Appreciation  of  this  fact  is  so  important  that  no  apology  will  be 
made  for  the  continual  stress  it  will  receive  in  this  paper. 

A  signitioant  change  in  the  structure  of  the  organization,  then, 
is  the  advent  of  sp»'cialist  departments.  The  grafting  of  these 
departments  on  to  tlu*  organizational  stem  was  successful  mainly 
because  they  were  of  a  kind  with  tin*  parent  plant,  i.e.,  they  were 
operating  or  executive  by  natun*.  More  recently  specialist  depart- 
ments have  arisen  which  are  ancillary  and  advisory  rather  than 
operating,  but  their  successful  grafting  on  to  the  parent  plant  has 
not  been  so  easy  because  of  a  deep-seate(l  trndency  in  human  nature 
to  regard  advice  as  criticism  or  interference.  The  best  examples 
are  perhaps  the  production  c<)ntrol  and  pt»rsomiel  departments. 
Despite  \\n*  fact  that  these  tend  to  l)e  organizationally  disruptive, 
they  are  in  large-scale  industry  fundamiMital  to  efficiency.  I  do  not 
think  the  manag«'nient  of  any  concern  with  a  thousand  emploj'ees 
or  more  is  abreast  with  the  times  unless  it  is  making  use  of  these 
two  sp«'cialist  di'partments,  for  in  my  eyes  they  indicate  nothing 
more  nor  less  than  the  acceptance  and  use  of  the  principles  of 
scientific  management.  1  propose,  therefore,  to  deal  with  these 
two  departments  in  some  detail,  indicating  the  special  managerial 
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problems  to  which  they  give  rise  and  suggesting  the  lines'  along 
which  the  problems  may  be  solved. 

The  Production  Control  Department 

The  aim  of  an  industrial  concern  is  production,  and  control  of 
the  processes  of  production  is  of  the  first  importance.  Control  is 
exercised  by  the  operating  heads,  but  experience  has  shown  that 
unless  they  receive  help  from  specialists  the  quality  of  control 
will  suffer.  What  then  is  the  nature  of  this  help  ?  Help  which 
enables*  the  flow  of  production  to  proceed  with  a  minimum  waste 
of  time,  of  effort  and  of  material — in  other  words,  help  that  enables 
a  factory  to  produce  at  maximum  efficiency  ?  The  answer  is  :  the 
supply  of  facts  relevant  to  the  particular  problems  with  which 
operating  heads  are  concerned.  The  collecting  of  detailed  facts 
consumes  time,  however,  time  which  an  executive  cannot  give  for 
the  detailed  study  of  all  the  operations  in  his  department.  If  he  is 
intelligent  he  is  aware  of  his  dilemma — he  knows  that  he  cannot 
make  the  best  of  plans  for  production  because  he  has  insufficient 
information,  but  he  cannot  acquire  the  information  because  he  has 
insufficient  time.  The  solution  to  his  dilemma  is  simple  and  plain 
for  all  to  see — in  some  wav  these  facts  must  be  made  available  to 
him  so  that  he  can  plan  for  maximum  production. 

This  need  for  studying  relevant  facts  and  presenting  them  to 
executives  to  help  them  in  their  planning  and  control  has  long  been 
recognized,  the  great  pioneer  in  this  field  being  F.  W.  Taylor. 
Taylor's  main  doctrine  was  that  efficient  production  depends  on 
efficient  control,  and  he  enunciated  several  so-called  principles  of 
scientific  management.  I  shall  give  a  brief  outline  of  these 
principles  because  they  may  equally  well  be  termed  principles  of 
production  control. 

The  four  main  principles  which  emerge  from  a  study  of  Taylors 
writings  are :  investigation,  standardization,  control  and  co- 
operation. 

And  first,  then,  Invest ifjation.  Taylor  believed  in  the  stop  watch, 
in  finding  the  time  elements  of  operations,  of  becoming  thoroughly 
acquainted  with  all  the  facts  bearing  on  the  processes  being  studied. 
Once  this  basic  work  had  been  done,  and  done  by  traini*d  specialists, 
it  became  possible  for  the  second  principle  to  be  applied,  namely, 
Sfandardizaiion.  With  detailed  information,  output  standards 
can  be  determined  for  men  and  machines.  Application  of  the 
third  principle — Control — then  follows,  and  the  control  is  (effective 
because  it  is  based,  not  on  an  output  which  an  executive  thinks  is 
attainable,  but  on  an  output  wliich  scientific  study  shows  is  in  fact 
attainable.  This  last  sentence  may  suggest  that  men  and  machines 
are  driven  to  maxinmm  effort.  This  is  not  so — standards  are  such 
that  no  more  than  a  fair  and  reasona])le  day's  work  is  expected, 
the  rate  of  work  being  such  that  a  man  can  do  it  for  weeks,  months 
and  vears  on  end  without  detriment  to  his  health. 

The  final  principle  laid  down  by  Taylor  was  Co-o])€ration.    He 
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believed  that  ovorytliing  possiblo  should  bo  done  so  that  men  would 
work  with  a  will,  for,  unless  this  spirit  obtained,  the  goal  of  maxi- 
mum efticit*ncv  would  over  remain  elusive. 

Some  years  ago  I  visited  a  factory  in  Philadelphia  where  textile 
maehintiry  was  being  mamifacturod,  and  found  there  as  neat  an 
example  of  the  application  of  these  principles,  and  of  the  work  of  a 
production  control  department,  as  one  could  hope  to  find.  The 
factory  employed  about  500  men  and  resembled  a  large  machine 
shop,  the  control  room  being  in  the  centre.  In  this  room  was  a 
master  board  on  which  were  numbers — one  for  each  lathe,  drill, 
milling  machine,  etc..  in  tin-  shop.  On  hooks  next  to  each  number 
were  cards  showing  what  jobs  were  ready  for  each  machine,  and 
what  materials  anci  tools  wt^re  recjuired  for  each  job.  The  operator 
of  each  machine,  shortly  before  finishing  the  job  in  hand,  pressed  a 
button  and  a  light  went  on  next  to  his  number  in  the  control  room. 
The  C(mt roller  then  despatched  a  labourer  to  collect  and  carry  the 
necessary  material  and  tools  to  the  machinist,  who  thus  lost  no  time 
in  enquiring  for  work,  or  looking  for  tools  before  commencing  his 
next  job  ;  he,  a  skilled  man,  did  only  skilled  work,  leaving  the 
unskilled  work  of  transport  to  be  done  by  a  labourer. 

One  had  the  impression  that  work  in  this  factory  went  along 
remarka])ly  smoothly  ;  the  manager  confirmed  this  impression,  but 
stated  that  the  present  higlily  efficient  control  had  been  reached 
and  was  being  maintained  by  continuous  investigation  on  the 
capabilities  of  machines  and  by  numerous  time  studios  to  determine 
standards.  Special  time-study  men  did  this  work,  but  they  liad 
long  been  *  accepted  '  by  the  operators,  who  worked  co-operatively 
and  well  because  the  standards  were  fair  and  enabled  the  great 
majority  to  t^irn  a  substantial  bonus. 

Efficient  control  of  production,  then,  must  rest  im  facts,  and  the 
facts  are  best  determined  by  specialists.  Modern  industry  has 
accepted  these  specialists,  as  witness  the  study  or  planning  depart- 
ments on  our  mines,  the  production  management  departments  of 
firms  overseas,  anil  the  work  done  by  various  consulting  production 
engineers.  Hut  it  has  not  always  been  a  willing  acceptance,  and 
even  to-day  it  requires  a  great  deal  of  skill  on  the  part  of  manage- 
ment to  integrate  this  type  of  si)e('ialist  successfully  into  an  organiza- 
ticm.  He  is  prone  to  l)e  regarded  by  the  operating  stalT  as  an  in- 
truder or  as  a  polic(Mnan,  because  to  them  his  study  of  facts  seems 
too  interwoven  with  their  c<>ntrol.  They  frrl  that  the  presence  of 
these  s])ecialists  weakens  their  authority.  Frictions  tend  to 
develop,  iind  the  mannger  is  factnl  not  only  with  a  delicate  problem 
of  restoring  harmony  but  also  with  the  ])roblem  of  demonstrating 
to  his  operating  stalT  that  their  authority  has  not  been  impaired. 
In  situations  uf  this  kind  a  manager  cannot  restore  the  position  by 
a  mere  giving  uf  nrders  ;  lie  nnist  define  clearly  to  his  executives  and 
specialists  th»'  nature  and  extent  of  tht»ir  duties  and  responsibilities  : 
he  must  stress  the  ancillary  nature  (►f  the  new  departments,  the 
undiminished  imi)ortano<'  of  the  production  departments  ;  above 
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all,  if  he  would  succeed  in  his  task  of  integration  and  co-ordination, 
he  must  inculcate  in  others  the  scientific  attitude  of  mind  ;  he 
should  regard  this  as  one  of  his  major  tasks,  and  his  efforts  in  this 
direction  should  be  persistently  persistent.  To  the  extent  that  he 
imbues  his  staff  with  the  scientific  approach,  the  now  specialists 
will  be  welcomed  ;  they  will  be  seen  in  their  proper  perspective  as 
men  giving  service  to  the  executives,  for  the  facts  they  give  enable 
the  operating  staff  to  exert  better  control ;  their  service  is  the 
supply,  not  tlie  use,  of  knowledge.  Seen  in  this  light  there  is  no  need 
for  friction,  and  the  strongest  reason  for  co-operation.  The  com- 
bination of  fact-finding  specialists  and  able  executives  gives  an 
organization  flexibility  and  strength  ;  it  is  poised  for  progress,  for 
its  structure  is  such  that  it  is  receptive  of  new  knowledge,  whether 
this  comes  from  study  internal  to  the  organization  or  from  new 
knowledge  in  the  outer  world. 

I  now  propose  to  pass  on  to  another  management  tool  that  is 
difficult  to  use,  but  if  mastered  will  vield  immeasurable  benefit  to 
an  organization.    I  refer  to — 

The  Personnel  Department 

Of  all  those  specialist  departments  which  have  emerged  during 
the  growth  of  industry,  there  seems  to  be  none  which  has  been  so 
misunderstood  and  so  suspiciously  received  as  the  personnel 
department.  Perhaps  this  is  because,  unlike  most  specialist 
departments,  its  activities  reach  into  all  the  branches  of  a  business, 
and  because  all  supervisors  feel  that  the  handling  of  employees  is 
peculiarly  personal  and  no  part  of  it  can  be  delegated  to  a  specialist. 
To  prevent  discord,  a  manager  must  show  why  these  suspicions  and 
fears  are  groundless  and  why,  if  personnel  management  is  properly 
understood  and  applied,  it  adds  considerably  to  the  well-being  of 
employees  and  to  the  general  efficiency  and  morale  in  an  organiza- 
tion. 

Let  it  first  be  said,  then,  that  though  a  personnel  dt^partment 
does  certain  line  or  operating  jobs  such  as  employment  and  welfare, 
its  basic  nature  is  that  of  a  service  department,  ancillary  and 
advisory  in  scope  and  existing  primarily  to  help  the  executive  staff 
in  dealing  more  efficiently  with  their  human  problems.  Much  of 
its  work  is  on  all  fours  with  that  of  the  production,  study  or  plan- 
ning department,  but  in  this  case  there  is  not  an  ascertaining  of 
technical  facts — tho  department  collects  and  supplies  the  manage- 
ment with  those  facts  which  will  throw  a  clearer  light  on  to  t^he 
employees  in  an  organization.  Examples  of  such  facts  are  absentee 
and  labour  turnover  figures.  If  these  are  high,  there  is  something 
wrong  with  th(»  human  situation.  But  it  is  not  the  personnel 
department  that  will  take  remedial  action  :  having  shown  the 
facts  which  indicate  that  all  is  not  well,  it  is  for  the  executives  to 
take  action,  and  in  doing  so  they  may  or  may  not  pay  heed  to  the 
views  of  the  personnel  officer.  An  example  from  one  of  the  gold 
mines  will  illustrate  the  point  that  I  am  trying  to  make. 
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Absentee  figures  showed  that  the  sickness  and  accident  rate  on 
this  particular  mine  had  for  years  been  consistently  worse  than 
the  average  of  a  large  group  of  other  mines.  The  absentee  figures 
were  then  kept  depart  mentally,  and  every  month  the  personnel 
officer  presented  these  for  discussion  at  a  meeting  presided  over  by 
the  manager.  The  responsibility  for  executive  action  lay  with  the 
departmental  head,  and  the  value  of  the  figures  was  this — where 
previously  he  had  been  vague  about  absentee  rates,  he  now  had 
standards  of  comparison  for  his  own  department ;  if  his  own 
figures  were  high,  it  called  for  inquiry.  The  result  of  supplying 
these  figures  has  been  that  for  the  past  two  years  the  mine's 
absentee  figure  has  been  consistently  better  than  the  average  of 
the  same  previous  group,  and  has  in  fact  fallen  from  6  per  cent  to 
4«8  per  cent. 

This  example  has  been  quoted  merely  to  show  that  one  of  the 
aims  of  specialized  personnel  work  is  to  give  more  emphasis  and  a 
more  systematic  and  scientific  approach  to  human  problems.  The 
keeping  of  detailed  records  and  statistics  makes  this  more  systematic 
approach  possible,  and  enables  decisions  to  be  made  on  a  more 
factual  and  equitable  basis. 

Time,  unfortunately,  does  not  permit  of  my  enlarging  on  the 
functi(ms  of  a  personnel  department  to  the  extent  that  its  workings 
can  be  made  perfectly  clear.  This,  however,  would  be  one  of  the 
manager's. duties  in  explaining  tht^  new  set-up  to  his  staff.  He 
would  make  them  see  the  benefits  of  concentrating,  in  a  full-time, 
specialist  department  of  experts,  such  activities  as  employment, 
training,  records,  welfare  and  employee  services.  The  nature  of  the 
advisory  services  would  be  more  difiicult  to  exi)lain,  but  he  would 
have  to  iio  out  of  his  wav  to  elarifv  uncertainties,  so  that  all  could 

O  «  ft  ' 

see  the  place  occupied  by  the  personnel  advisory  function  in  the 
jig-saw  puzzle  which  is  the  (jrganization.  In  brief,  the  personnel 
department's  advisory  work  is  to  help  executives  towards  a  more 
nnifc>rni  interpretation  of  a  Company's  personnel  poHcy.  If  no 
detinite  policy  exists,  the  jx-rsonnel  department  should  see  to  it 
that  a  policy  is  drtined  and  declared.  The  value  to  a  company  of 
a  deelared  policy  is  that  it  ini[>oses  a  measure  of  self-discipline  on 
executives.  They  have  publicly  pledged  themselves  to  certain 
approaches  and  standards  in  dealing  with  human  problems,  and 
deviations  from  these  standards  are  readily  apparent.  How  much 
bt^tter  this  than  chop  and  change  and  vacillation,  which  invariably 
have  a  must  debilitating  elT;Vct  on  t^eneral  morale. 

A  linal  point,  to  be  made  by  a  manager  in  e\i)laining  the  work  of 
pers(umel  sf)ecialists  is  that  they  should  never  be  allowed  to  weaken 
the  authority  of  the  line  stall  in  personnel  matters  :  on  the  contrary, 
their  aim  should  be  to  help  each  and  every  supervisor  to  be  a  better 
personnel  manager,  mon*  exj)ert  and  mon*  symjiathetic  in  that 
most  ditficult  and  important  task  in  industry,  the  creation  of 
satisfying  Imman  relationships.  Their  ultinuite  concern  is  the 
well-being  of  employees  and  their  very  existence  keeps  the  employer 
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primed  regarding  his  responsibility  towards  employees — a  social 
responsibility  which  is  an  efi9orescence  of  enlightened  modern 
management. 

The  organization  and  its  parts,  then,  and  the  relationship  of  the 
parts  to  the  whole,  have  been  profoundly  changed  by  increasing 
size  and  increased  knowledge,  and  we  may  now  pass  on  to  consider 
in  greater  detail  some  of  the  tasks  that  to-day  fall  to  managers  of 
large  industrial  concerns. 

The  Manager's  Tasks 

(1)  Co-ordination. — First  and  most  important,  he  must  be  a 
co-ordinator.  We  have  seen  that  increased  size  of  organization  and 
increased  knowledge  have  bred  specialists  ;  specialists  have  led  to 
functional  departments,  and  this  development  in  turn  has  led  to 
greater  centralization  of  authority,  i.e.,  the  manager  now  has  under 
his  direct  control  not  only  operating  departments,  but  also 
specialist  departments.  His  master  task  thus  becomes  co-ordina- 
tion, and  he  has  to  exercise  the  rare  art  of  getting  executives  and 
specialists  to  work  as  a  team  for  the  common  good.  This  task  was 
reasonably  straightforward  with  operating  staff,  but  is  most 
difficult  with  advisory  or  service  specialists.  To  achieve  success 
hero  he  must  draw  precisely  the  demarcating  lines  of  authority  and 
responsibility,  and  be  so  lucid  and  persuasive  in  (exposition  that 
each  head  not  onlv  sees  exactlv  where  and  how  he  tits  into  the 
scheme  of  things,  but  becomes  a  co-operativo  and  active?  worker 
for  the  good  of  his  own  department  and  of  the  concern  as  a  whole. 
To  achieve- this  co-ordination  calls  for  C(mferences,  discussions  and 
meetings.  The  manager  of  modern  industry  cannot  be  the  type 
that  leads  by  force.  Top  leadership  nmst  be  leadership  by  persua- 
sion, for  this  will  produce  the  best  results  in  our  increasingly 
democratic  industrial  world.  Men  nmst  be  made  to  feel  that  thev 
are  partners  in  industry  and  not  servants  of  an  employer. 

(2)  StressifKj  manaffement  as  a  science. — Xi*xt  in  importance  in 
a  manager's  tasks,  perhaps,  is  that  he  should  inculcate  in  his 
staff  the  scientific  attitude  of  mind,  for  it  mav  be  cate«Toricallv 
stated  that  without  this  no  great  progress  is  possible.  This  subject 
has  alreadv  received  some  considerati»>n  in  discu^sini'  scientific 
management  and  the  production  control  depart nn?nt.  and  no 
further  elaboration  is  proposed  except  to  say  that  to  make  people 

,  scientific-minded  is  nat  easy.  The  scientific  mind  is  prepared  to 
accept  change.  Most  peopl(>,  howevc^r,  do  not  want  cliange,  which 
means  effort,  a  bestirring  of  oneself  from  a  groove  in  which  life  is 
pleasant,  comfortable  and  in  keeping  with  our  love  of  ease.  J^cience 
disturbs  this  east;  and  comfort,  and  it  is  small  wcmder  that  it  is 
resisted.  Any  executive  of  experience  know^  that  it  is  far  more 
difficult  to  introduce  a  new  process  or  way  of  doing  things  than  to 
maintain  the  old  ;  inherent  in  human  beings  is  a  rehictance  to 
change  :  it  needs  enthusiasm  and  tlie  scientific  appro^ich  to  over- 
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come  this  reluctanco  and  to  show  that  now  knowledge  is  a  powerful 
factor  making  for  industrial  progress,  and  in  some  cases  indeed  ifl 
necessary  for  survival.  It  is  not  enough,  however,  that  a  manager 
should  havo  nionibers  of  staff  with  a  scientitic  approach  to  their 
work — tho  <)rganizati(m  should  be  so  constructed  that  it  enables 
sciontitic  method  to  be  readily  applied.  The  third  management 
task  to  be  considered  then  is  : 

(8)  Creating  an  organization  which  can  make  use  of  the  scienHfic 
mctlwd. — Th(»  most  favoured  wa^'  of  doing  this  is  to  have  specialist 
fact-finding  departments,  examples  of  which,  as  we  have  seen,  are . 
the  production  and  pcrsonnol  departments.  Their  functions  bear 
repetition — they  are  service  departments  which  collect  the  relevant 
facts  on  problems  and  situations,  and  present  these  to  the  operating 
chiefs  for  decision  and  action.  Time-studies,  motion-studies, 
assessment  of  standards,  aptitude  testing  and  so  on,  all  aim  at 
reducing  waste  by  tho  appraisal  and  use  of  detailed  knowledge, 
and  to  the  extent,  that  an  organization  uses  these  techniques  it 
mav  bu  said  to  be  scientific. 

■ 

There  are,  however,  other  features  which  should  grace  an  organiza- 
tion if  it  would  claim  to  be  scientific,  namely,  the  use  of  consultants 
and  the  use  of  research  workers. 

The  use  of  consultants  is  generally  accepted  and  few  industries 
would   for^'o   tlu»   advantages   to   be  gained   by   having   outside 
consultants  to  advise  them  on  their  technical  problems.    The  gold 
mining  industry  of  the   Witwatersrand,  based   on   the   *  group ' 
system,  pnivitles  an  ♦•xcelleiit  example  of  the*  value  of  such  con- 
sultants.   Most  of  our  mines  belong  to  a  so-called  *  group  '  with  a 
controlling  head   office   staff.     Attached   to   the  head   office  are 
various  consultants — medical,   mining,   mechanical,  metallurgical, 
labour,  geological — mni  whose  services  are  available  to  individual 
mines.     Th«'Se  consultants  acquire  wide  experience  in  a  narrow 
field,  and  because  they  have  few  executive   responsibilities   they 
can  keep  themselves  up-t(>-date  and   informed  on  new  develop- 
ments   in    (lieir   special   spheres  :    they    are   therefore   admirably 
ecjuippcd  to  advise  and  help  the  mines  in  the  solving  of  problems, 
a  service  which  thev  most  effectivelv  perform.     One  has  onlv  t.o 
consider  such  diverse  matters  as  the  feeding  of  mine  natives  a-"i:^^ 
the  high  perc«'ntatre  of  extraction  of  ^old  from  ore,  to  realize  tT  :^^ 
the  standards  aehiev»Hl  would  nevfr  have  been  possible  but  for  '^^^ 
work  nf  tin*  n'sponsililc  consultants. 

In  general,  then,  it  may  be  said  that  the  value  of  consultants-  "^  ^ 
industry  is  appn-ciatt'd.  in  much  the  same  way  that  we  appreci  '^ 
tilt'  services  of  medieal  specialists  for  dealing  with  uncertain  ^ 
serious  disrasfs.     Ihit  t(>  what  extent  do  we  recognize  the  need  ^^ 

H'search  workers  *} 

1  do  not  think  tbrn*  is  any  direction  in  which  we  fall  bcl  ^'^ 
overs«'as'  standards  nK)n*  than  in  our  use  of  resi'arch.  For  ^^^^ 
smaller  indiistries  this  is  un<lerstandable   -thev  have  not  the  st*^^ 
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the  funds  or  the  facilities  for  adequate  research.  But  why  the  gold 
mining  industry  should  have  lagged  so  far  behind  is  somewhat 
baffling,  unless  the  reasons  are  to  be  found  in  the  imperraanence  of 
mines  and  the  comparatively  small  number  of  scientifically  trained 
men  employed.  Whatever  the  reasons  may  be,  the  point  I  am 
trying  to  stress  is  that  an  industrial  concern,  if  it  wishes  to  have 
that  most  desirable  of  attributes — the  scientific  approach — must 
encourage  and  use  research,  and  must  keep  in  touch  with  all 
research  activities  which  may  throw  light  on  its  problems.  The 
establishment  by  Act  of  Parliament  in  October,  1945,  of  the 
Council  for  Scientific  and  Industrial  Research  should  give  a  great 
stimulus  to  research  in  this  countrv.  The  Council  is  there  to 
help  industry,  and  it  is  thus  a  responsibility  of  every  industrial 
manager  to  maintain  a  liaison  with  that  central  research  body. 

How  to  make  use  of  the  knowledge  supplied  by  outside  research, 
and  how  to  integrate  research  workers  into  an  existing  organization 
— these  problems  are  not  easy,  but  the  manager  of  a  mine  or 
manufacturing  concern  must  face  up  to  them  if  ho  would  discharge 
his  duties  well.  The  secret  would  seem  to  lie  in  having  a  suitable 
organizational  structure,  which  should  be  so  designed  that  it  allows 
for  growth,  for  specialization,  and  for  the  easy  permeation  of 
scientific  knowledge. 

The  fourth  and  last  of  the  manager's  tasks  to  be  considered  is  : 

(4)  Oreating  the  will  to  work. — Industry  is  concerned  with 
materials,  machines  and  men,  and  of  these  three  factors,  what 
matters  most  is  men.  There  is  an  old  saying  that  you  can  take  a 
horse  to  water  but  you  cannot  make  it  drink  ;  similarly,  you  may 
give  a  man  a  machine,  but  you  cannot  make  him  work  unless 
you  give  him  sufficiently  strong  motives.  We  are  here  verging  on 
the  very  large  question  of  incentives  in  industry,  and  I  do  not  wish 
to  enter  this  controversial  arena — all  I  would  like  to  say  is  that  a 
manager  nuist  be  alive  to  all  the  means,  monetary  and  non- 
monetary, whereby  a  man  may  be  imbued  with  the  will  to  work 
well.  Rates  of  pay  tend  nowadays  to  be  determined  by  negotiation 
between  trades  unions  and  the  leaders  of  particular  industries,  and 
for  tliis  reason  a  manager  cannot  use  the  promise  of  monetary 
reward  as  freelv  as  before.    He  must  tlierofore  relv  on  other  means — 

»'  •' 

he  must  see  to  it  that  the  conditions  under  which  men  w(>rk  are  as 
healthy,  clean  and  cheerful  as  possible.  He  may  worship  economy, 
but  this  should  never  be  to  the  detriment  of  the  emj)loyees. 
Supremely,  he  must  have  the  human  approach,  the  desire  and  the 
capacity  to  see  the  other  man's  point  of  view.  He  must  show 
sound  judgement  in  selecting  super  vist)ry  staff,  the  staff  that  .can 
do  so  nmch  to  create  congenial  human  relationships  on  an  organiza- 
tion ;  he  must  provide  for  transfers  and  promotions  on  a  basis  of 
merit,  and  his  d<*cisions  regarding  personnel  must  bear  the  obvious 
stamp  of  justice.  Above  all,  h(^  must  make  men  feel  that  they  are 
human  beings  and  not  units,  individuals  with  desires  and  aspira- 
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tions,  not  just  tools  to  be  coldly  used  and  lightly  discarded.  The 
root  of  the  matter  is  that  unless  people  receive  some  recognition, 
some  sign  that  their  endeavours  count  and  are  appreciated,  they 
will  not  put  their  hearts  into  their  work. 

To  create  an  atmosphere  in  which  men  willingly  give  of  their 
best — that  is  the  ideal,  unattainable  because  of  man's  imperfections, 
but  an  id(*al  that  should  surely  be  a  beacon  light  to  those  entrusted 
with  the  responsibilities  of  management.  Those  in  authority  in 
industry  should  be  k(M^nly  aware  of  these  things,  for  on  them 
effective  leadership  depends. 

I  do  not  think  that  any  of  my  listeners  would  disagree  with  the 
views  I  have  expressed  on  the  importance  of  people's  feelings,  and 
I  wish,  therefore,  before  passing  from  this  section  of  my  address  to 
refer  to  a  recent  development  in  industry  of  great  significance, 
namely,  the  hicreasing  democratic  consciousness  of  the  worker. 
How  is  enlightened  management  meeting  the  change  ? 

In  the  top  levels  of  an  organization  we  cater  for  the  democratic 
feeling  by  holding  regular  meetings  with  supervisors  on  production 
results,  production  methods,  accident  prevention  and  so  on.  All 
grades  of  supervisors  attend  meetings  of  some  kind  or  other,  and 
they  thus  come  to  feel  that  their  views  count  in  the  running  of  the 
business.  This  gives  them  a  feeling  of  belonging  to  the  enterprise 
— they  can  take  a  pride  in  its  achievements.  But  what  of  the 
worker  ?  For  years  and  hundreds  «)f  years  management  has  paid 
small  heed  to  his  views  and  his  voice  was  seldom  heard.  Circum- 
stances thus  drove  him  to  form  bonds  with  his  fellow  workers,  led 
to  trades  unions  and  to  the  idea  that  the  interests  of  management 
and  men  are  ditTen'ut.  How  many  mana^^ers  to-day  see  that  one  of 
their  major  tasks  is  to  break  down  this  myth  ?  for  in  conflicting 
interests  lie  the  seeds  of  endless  suspicitni,  antagonism  and  friction. 

The  most  successful  attacks  on  this  mvth  seem  to  have  been  made 
in  those  concerns  where  workers'  eommittees  liavt*  been  formed  or 
other  machinery  for  joint  consultation  has  been  established.  In 
these  concerns,  e.jr.,  Vauxhall  Motors  in  England,  to  an  extent 
never  envisa^^ed  before,  management  has  taken  men  into  its  conti- 
dence.  It  has  shown  them  the  balance  sheet,  has  explained  sonu* 
of  its  manaf^erial  problems,  and  has  demonstrated  so  clearly  a  sense 
of  social  respcmsibility,  that  labour  has  been  co-operative  and 
responsive  as  never  befor*'. 

1  know  of  at  least  one  concern  in  South  Africa  where  joint 
consultation  is  practised— Lever  Brothers,  it  has  not  yet  come  to 
the  mining;  industry,  l)ut  if  we  wish  to  achievt>  full  co-operation  from 
all  ranks  in  this  ^reat  industry,  some  day  it  nuist  come.  Labtmr 
can  no  lon^fr  be  regarded  as  so  many  hands  ;  it  is  becoming 
educated,  and  must  be  thought  of  in  terms  of  hands  and  heads. 
Due  to  misunderstanding  of  the  place  and  function  of  joint  con- 
sultation, tln'  successful  use  of  this  new  tet-hniciue  of  management 
may  still  i)e  far  off.  A  start,  however,  should  be  made,  and  it  is  up 
to  tlu"  employer  to  slujw  the  initiative  in  })uilding  this  new  bridge 
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^een  management  and  men.  The  first  meetings  may  resolve 
grievance  discussions,  but  by  wise  and  firm  handling  they  can 
)me  not  disintegrating  but  vitalizing  forces.  In  essence  they 
lid  be  forums  for  the  discussions  of  problems,  and  should  serve 
hannels  of  communication  whereby  each  side  is  apprised  of  the 
bles  and  perplexities  of  the  other.  In  this  development, 
y  care  will  have  to  be  taken  that  authority  is  not  impaired, 
on  this  still  depends  the  vigour  and  drive  in  an  organization, 
authority,  however,  must  be  accepted,  not  enforced, 
cannot  conclude  my  remarks  on  the  manager's  task  of  creating 
will  to  work  without  expressing  again  my  belief  that,  if  he 
rols  a  concern  with  more  than,  say,  500  people,  he  will  receive 
.luable  support  from  a  well-chosen  speciahst  personnel  staff, 
y  will  help  him  and  the  line  supervisors,  as  no  others  can,  in 
ing  industrial  inan  live  as  happily  as  is  possible  with  the 
hines  that  his  ingenuity  has  creat(*d. 

1  the  preceding  pages  I  have  suggested  that  amongst  the 
lager's  main  tasks  are — first,  the  co-ordination  of  the  work  of 
irtmental  and  specialist  chiefs;  secondly,  the  instilling  into 
n  of  the  scientific  approach  to  problems  :  thirdly,  the  creation 
,n  organization  which  uses  scientific  method  ;  and,  fourthly, 
ting  the  will  to  work. 

liis  is  by  no  means  a  comprehensive  list,  but  my  address  is  an 
y  and  not  a  treatise  on  management,  and  the  tasks  listed  are 
on(^s  which  to  me  seem  most  important  and  incidentally  the 
t  difficult.  If  there  is  agreement  about  the  importance  of  these 
s,  it  follows  that  senior  staff  should  be  selected  with  a  view  to 
juate  fulfilment  of  these  tasks.  Mere  technical  achievement, 
I,  and  training,  experience  or  age  are  not  sufficient.  More 
ortant  than  these  would  appear  to  be  personality,  natural 
lligence,  a  scientific  trend  of  mind,  an  innate  interest  in  and 
pathy  with  people,  and  what  General  Snmts  terms  the  holistic 
r',  i.e.,  the  ability  to  see  not  only  the  parts  of  a  whole,  but  the 
tionship  of  the  parts  and  the  contribution  which  each  makes 
he  functioning  of  the  whole. 

Education  for  Manaokment 

his  address  on  managi?ment,  in  which  I  have  touched  on  its 
ortauce,  its  nature,  its  techniques  and  its  tasks,  would  be 
mplete  without  some  consideraticm  of  the  steps  that  are  being 
'n  in  such  highly  industrialized  countries  as  the  United  States 
.merica  and  (ireat  Britain  in  preparing  men  and  women  for  the 
onsibilities  of  management.  I  shall  l)e  the  first  to  admit  that 
lagers  are  born,  not  made  and  that  management  is  an  art 
er  than  a  science.  This  is  true  of  all  professions — the  mere 
liring  of  knowle(l<:;e  is  one  thing,  successfully  applying  it  is 
:her.  Theoretical  study  alone  caimot  make  a  manager,  but 
man  has  th(»  n(*cessary  disposition  and  basic  abilities,  his 
nate  value  as  a  manager  will  be  far  greater  if  in  his  early 
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years  be  had  steeped  himself  in  studying  the  principles  of  manage* 
inent.    Training  in  this  sphere,  as  in  any  other,  must  yield  results. 

These  statements  seem  truisms ;  there  is  a  need  for  education  in 
management,  and  evidence  will  be  produced  to  show  how  com- 
pletely this  need  has  been  recognized  in  America,  and  how, 
increasingly,  it  is  being  recognized  in  Great  Britain. 

Li  October,  1945,  the  British  Government  appointed  a  Com- 
mittee on  Education  for  Management.  This  Committee  reported 
in  1946,  and  included  the  following  facts  in  one  of  the  appendixes 
to  the  report : 

In  the  U.S.A.,  before  1908,  some  20  business  schools  had  been 
established,  including  the  Harvard  School  of  Business  Adininistra- 
tion.  Between  1910  and  1980  a  further  180  schools  were  established. 
As  long  ago  as  1924,  the  Balfour  Committee  on  Industry  and  Trade 
calculated  that  there  were  as  many  as  80,000  students  attending 
100  of  the  schools  or  departments  of  business  administration — a 
figure  out  of  all  proportion  to  the  few  hundreds  taking  similar 
courses  in  Great  Britain.  In  the  intervening  years  the  difference 
has  increased,  for  while  there  have  been  some  developments  in 
Great  Britain,  the  output  has  been  a  mere  trickle  compared  with 
the  thousands  of  young  men  passed  out  annually  in  the  U.S.A. 
with  some  intellectual  preparation  for  management. 

The  types  of  courses  offered  fall  into  two  categories — graduate 
courses  and  undergraduate  courses. 

Graduate  cmirses  are  perhaps  best  exemplified  by  that  of  the 
Harvard  School  of  Business  Administration,  whore  a  two-vear 
post-graduate  course  is  given.  The  subjects  of  study  for  the  first 
year  are :  Elements  of  administration,  including  production, 
marketing,  finance,  control  :  administrative  practices,  and  puhhc 
relationships  and  responsibilities. 

In  the  second  vear,  a  student  has  to  take  a  course  in  adminis- 
trative  policy,  and  must  select  not  less  than  five  specialist  courses 
from  the  fields  of  production,  marketing,  finance,  accounting  and  a 
special  field. 

The  staffing  and  equipment  of  these  graduate  schools  are  most 
generous.  Thus  at  the  Harvard  School,  the  facult}'  for  the  sessicm 
1945-46  included  86  professors,  47  associate  and  assistant  professors, 
and  21  lecturers,  rosi?arch  fellows  and  instructors  ;  14  of  the  staff 
•were  specialists  in  pt^rsonnel  management. 

Between  September,  IIKST.  and  .Iun(>,  1942,  i.e.,  in  5  years,  the 
school  enrolled  4,075  students,  and  when  ])ost-war  re-organization 
is  complete,  its  output  will  be  sonn^  800  graduates  per  annum. 
This  figure  alone,  i.e.,  excluding  all  other  schools,  is  more  than 
ten  times  the  total  annual  output  in  Great  Britain  of  men  with  a 
■p.   ^  'f'  ''sity    training    in    management.      A    single    other    school — 

iT  r    '  ^^^  -^"^^  ^^'   ^<^rtli^^'^-s^*'ri»  Univeristv — has  accommodation 
^"'^^^l^^'?"'     students  and  library  space  for  80,000  volumes. 
ma\  still  ^^^.f^^inQif,    courses    vary    trem«*ndously  :    a    report    on    52 
to  the  emplri,  ^\^^^y^,^\  t^at  they 'offered  3,234  courses  in  the  manage- 
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ment  field,  distributed  as  follows :  Financial  and  accounting,  48 
per  cent ;  distribution  and  transportation,  25  per  cent ;  office 
management,  8  per  cent ;  personnel,  6  per  cent ;  production,  8  per 
cent  ;  real  estate,  public  utilities,  and  purchasing,  G  per  cent. 

They  also  offered  825  courses  on  background  subjects  such  as 
economics,  psychology,  law  and  geography. 

The  recitation  of  these  facts  may  well  give  the  impression  that 
the  teaching  of  management  in  Great  Britain  lags  far  behind  that 
in  the  United  States  of  America.  This  impression  is  probably 
correct,  and  yet  there  have  in  the  last  few  years  been  such  rapid 
developments  in  Great  Britain  that  the  gap  should  rapidly  close. 
The  forces  propelling  closure  of  the  gap  are  the  British  Government 
and  leaders  of  British  industry.  The  first-named  by  appointing 
the  Committee  on  Education  for  Management,  and  subsequently 
by  assisting  in  the  birth  of  the  British  Institute  of  Management, 
has  shown  its  live  interest,  while  British  industry,  by  establishing 
the  Administrative  Staff  College  at  Henley,  has  given  a  practical 
demonstration  of  its  belief  in  the  value  of  training  young  men  for 
high  managerial  posts. 

The  Committee  on  Education  for  Management  pubUshed  its 
report  in  August,  1946.  It  is  a  valuable  document  of  82  pages, 
and  includes  the  folh)wing  recommendations. 

Tliat  courses  leading  U>  cjualiHcations  in  management  should  be  limit^i 
to  two  st^iges,  namely,  '  Intermediate  '  and  '  Final.' 

Intermediate  Course. — That  all  Management  Professional  Institutions 
should  adopt  a  common  curriculum  for  the  Intermediate  Course  and 
that  Technical  Professional  Institutes  should  eulapt  any  management 
requirements  in  their  syllabuses  to  this  common  curriculum. 

That  the  Intermediate  Course  should  consist  of  three  part^ — ^an  intro- 
duction  to  management,  the  *  background  '  subjet^ts  and  the  '  tool '  subjects. 

The  introductory  subjects  should  consist  of : — 

(1)  the  evolution  of  modem  industrial  organization  ; 

(2)  the  nature  of  management. 

The  *  background  *  subjects  should  be  : 

(1)  the  economic  aspects  of  industry  and  commerce  ; 

(2)  the  legal  aspects  of  industry  and  coiiunerce  ; 

(3)  the  psychological  aspects  of  industry  and  commerce  ; 

The  *  tool  '  subjects  should  bo  : 

(1)  financial  accounting  and  cost  accounting; 

(2)  statistical  method  ; 

(3)  work  measurement  and  incentives  ; 

(4)  ofBce  organization  and  methods. 

Final  Course, — The  reommendations  further  provide  : 
That  there  should  be  two  types  of  Final  Course,  one  for  those  who  wish 
to  qualify  for  management  in  some  special  field,  the  othe^  for  those  who  wish 
to  qualify  in  general  management.  The  suggested  syllabus  for  general 
management  comprises  the  following  subjects :  Factory  management, 
distribution,  development  and  design,  pun'hasing,  store-keeping,  trans- 
portation, personnel  management,  higher  business  control  antl  the  practice 
and  principles  of  management. 

It  was  also  nicommended  that  both  Int<»nnediato  and  Final  Courses 
should  lead  to  qualifying  examinations,  and  that  the  final  examhiation 
should  not  be  written  before  the  age  of  25. 
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The  Minister  of  Education  approved  the  Report  and  it  is  believed 
that,  by  its  adoption,  colleges  and  institutions  will  be  able  to  provide 
hip[her  standards  of  education  than  under  existing  arrangements. 

The  SHCijnd  interesting  dcnelopment  sponsored  by  the  British 
(jovt^rnnuait  was  the  creation  of  the  British  Institute  of  Manage- 
niont.  which  held  its  inaugural  meeting  in  April  of  tliis  year.  This 
Institute  is  an  independent,  non-political  non-profit-making 
organization  having  as  its  object  the  improvement  of  the  standards 
of  management  in  (ireat  Britain.  It  is  to  be  the  spear-head  of  the 
drive  for  better  management  and  aims  to  achieve  its  object  along 
thn-e  main  lines  : 

First,  the  compilation  of  knowledge  about  management ; 

Second,  the  promotion  of  education  and  training  faciUties  ; 

Third,  the  propagation  of  knowlttdge  about  management,  and  the 
stimulation  of  interest  in  the  subject. 

The  Government  has  given  £150,000  to  the  Institute  to  tide  it 
over  its  first  five  years,  it  being  anticipated  that  by  the  end  of  that 
period  the  Institute  will  be  self-supporting. 

The  interest  shown  by  British  industriahsts  in  promoting 
education  for  management  is  demonstrated  by  their  founding  the 
Administrative  Staff  College,  which  was  formally  constituted  in 
October,  1945,  and  held  its  first  course  earlv  tliis  vear.  Its  estab- 
lishment  was  planned  by  a  group  of  prominent  industrialists  and 
others  interested  in  administration,  and  it  receives  financial  support 
from  a  large  number  of  industries. 

When  in  England  recently  I  had  the  good  fortune  to  be  shown 
over  th(»  College,  which  was  at  one  time  the  home  of  Lord  Hamble- 
den  and  is  situated  on  the  banks  of  the  Thames  near  Henlev.  The 
Principal  is  Mr.  Xoel  Hall,  one-lime  Director  of  the  National 
Institute  for  Economic  and  Social  Besearch  :  he  is  assisted  by  a 
statT  of  about  eight  experienc(Ml  men,  and  at  the  time  I  visited  the 
College  there  wen»  44  members  in  residence.  Candidates  for 
admission  may  be  men  or  women,  pn»ferably  over  30  years  of  age. 
The  average  age  of  the  first  group  was  37.  They  must  be  persons 
nominated  by  their  organizations  and  holding  senior  executive 
positions,  or  selected  because  lliey  will  st)on  be  holding  such 
posit i<ms.  Each  course  lasts  about  three  months.  There  are  no 
regular  lectures.  The  entrants  are  divided  into  carefully-selected 
groups  or  syndicates  each  composed  of  about  eight  or  nine  members, 
the  aim  being  to  put  together  pe«>ple  with  ditlerent  backgrounds. 
A  member  of  tlie  staiT  is  attached  to  eacli  svndicate.  which  for  any 
particular  session  elects  a  chairman  and  secretary. 

Tln'  course  of  studies  is  divided  into  six  subjects,  namely  : 
(1)     comj>arative  administrative  structures  : 
Ci)     internal  organization  and  administration  ; 
(3)     external  relations  : 
■;4)     maintaining  vitality  ; 
i."))     a(lai)tion  to  changi?  : 
\^i)     role  of  the  directing  authority. 
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Members  of  the  syndicate  meet  every  morning.  They  debate 
their  subject  at  length,  read  widely  on  it,  and  may  have  an  expert 
come  to  the  College  to  address  them.  At  the  end  of  the  period 
allotted  for  the  subject  the  chairman  has  to  present  a  report  to 
the  whole  College — a  report  which  is  a  summary  of  the  syndicate's 
views.  Generally,  each  member  of  the  syndicate  acts  as  chairman 
twice  during  the  course. 

It  is  as  yet  too  early  to  pronounce  on  the  success  or  otherwise  of 
this  experiment  in  education,  but  the  whole  set-up  of  the  course 
and  the  tone  at  the  College  were  most  impressive.  Lidividual 
members  spoke  of  it  with  enthusiasm  ;  without  exception  they 
had  found  their  discussions  informative,  stimulating  and  refreshing, 
and  felt  that  they  would  return  to  their  respective  spheres  with  a 
broader  and  more  balanced  view  of  their  own  tasks. 

From  what  has  been  said  of  the  awareness  in  Great  Britain  of 
the  need  for  education  in  management,  it  may  be  expected  that 
in  a  few  vears'  time  the  trickle  of  trained  men  will  become  a 
stream.  What  is  the  position  in  South  Africa  ?  We  are  far  behind 
not  only  America  and  England,  but  also  Australia  and  Canada,  and 
I  cannot  conceive  that  these  countries  are  all  wrong  and  that  we 
are  right.  To  do  so  w^ould  savour  of  conceit.  We  are  not  a  rich 
country,  and  if  we  are  to  make  the  most  of  our  resources,  we  should 
see  to  it  that  our  potential  managers  are  as  well  equipped  as 
possible  for  their  labours. 

I  believe  the  matter  is  one  of  urgency,  and  is  one  in  which  the 
largest  industries  should  take  the  lead — the  gold  mining  industry, 
for  example,  in  collaboration  with  say  Iscor  and  African  JExplosives 
&  Chemical  Industries,  Limited,  might  well  send  a  commission  of 
enquiry  abroad  to  investigate  and  report  on  facilities  for  education 
in  management.  Perhaps  even  the  Government  might  be  persuaded 
to  send  representatives  on  such  a  commission.  State  support  for 
industrial  training  is  not  unknown.  The  part  played  by  the 
British  Government  in  endeavouring  to  improve  standards  of 
management  has  already  been  mentioned,  and  during  the  last  war 
it  actively  assisted  in  developing  a  scheme  for  the  training  of 
supervisors  in  industry  known  as  T.WM. — training  within  industry. 
The  results  have  been  so  promising  that  the  British  Government 
to-day,  through  its  Department  of  Jjabour,  runs  courses  for  instruc- 
tors to  develop  the  three  skills  of  instructing,  leading,  and  improving 
methods.  The  courses  are  known  as  Job  Instruction,  Job  Belaiicms 
and  Job  Methods  respectively.  The  Canadian  Government  has 
adopted  the  scheme  wholeheartedly,  and  a  friend  r(»cently  returned 
from  Canada  tells  me  that  in  that  country,  under  this  scheme,  over 
100,000  foremen  have  already  been  trained.  We  should  investigate 
these  new  fields,  and  the  suggested  commission,  in  addition  to 
studying  broader  aspects  of  education  for  management,  should 
examine  the  T.W.I,  scheme  in  detail.  We  send  men  overseas  to 
study  mechanization,  developments  in  agriculture,  designs  of 
railway  stations  and  a  host  of  other  things.     Why  not  then  send 
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representatives  of  industry  to  study  education  for  mi^nagement  ? 

This  type  of  education  will  not  come  unless  industry  asks  for  it, 
for  a  University  or  Technical  College  will  not  cater  for  a  seemingly 
non-existent  need.  Somehow,  somewhere  a  start  should  be  made. 
If  the  suggested  commission  were  to  go  overseas  and  report 
favourably,  it  might  well  be  that  a  small-scale  replica  of  the 
Administrative  Staff  College  could  be  formed  here,  or  a  post- 
graduate course  in  administration  might  be  started  at  the  local 
University,  or  a  T.W.I,  course  be  established.  These  developments 
will  come  as  surely  as  night  follows  day  ;  it  is  only  a  question  of 
time,  but  we  should  not  let  this  time  linger  on  too  long,  for  our 
industries  are  in  their  formative  years,  and  the  pattern  of  adminis- 
tration and  management  should  bo  framed  on  the  best-known 
techniques  and  on  accepted  principles. 

As  I  see  it  then,  the  call  is  for  us  to  pause  awhile  and  try  to  see 
the  whole  field  of  administration  and  management,  from  directors 
to  foreman,  in  proper  perspective.  The  lead  should  come  from  the 
top.  It  is  there  that  we  most  need  men  with  vision,  men  to  inspire, 
men  to  give  the  organization  muscle.  Without  such  leadership,  a 
concern  tends  to  become  flabby,  and  in  due  course  succumbs  to  the 
rigours  of  competition.  Sir  Charles  Renold,  Chairman  of  the 
Council  of  the  British  Institute  of  Management,  in  his  speech  at 
the  inaugural  meeting,  referred  to  the  need  for  good  generalship  in 
industry.  He  said  :  *  Good  management  begins  at  the  top.  Such 
matters  as  the  design  and  manning  of  Boards  of  Directors  and  the 
clarification  of  the  respective  roles  and  procedures  of  Boards  and 
their  Executive  Managements  may  well  be,  in  some  cases,  the  first 
steps  in  raising  standards  of  management  '. 

Industry  to-day  is  largo,  complex  and  seething  with  problems, 
not  the  least  being  tlxo  stresses  generated  by  the  ferment  of 
socialistic  and  other  ideas  which  are  unsettling  the  world.  The 
future  industrial  leaders,  the  men  who  will  hold  the  reins  of  produc- 
tion, have  groat  responsibilities — to  the  employees,  to  the  country 
and  to  the  owners  of  the  enterprise.  To  discharge  them  well  they 
need  not  only  natural  abilities  ])ut  preparation  for  their  specific 
tasks.  The  soonor  we  in  South  Africa  recognize  this,  the  sooner  we 
give  more  thought  to  the  science  and  art  of  management,  the 
sooner  will  the  stage  bo  set  for  a  happier  industrial  population, 
increased  production,  reduced  costs,  and  a  higher  standard  of  living 
for  all  our  people. 


*^*  Kxtra  dypii's  of  this  paper  may  he  obtained  at  a  cost  of 
Is.  6d.  eachy  at  tJw  office  of  the  Institution^  Salisbury  House, 
Finsbnry  CircuSy  Londony  E.G.  *2. 
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FURTHER  CONTRIBUTED  REMARKS  ON 

Ground  Control — Theory  and  Practice* 

By  Jack  Spalding,  Member 

Mr.  V.  M.  S.  Rajan :  The  articles  published  recently  by  Mr. 
R.  G.  K.  Morrison  in  Engineering  and  Mining  Journal  on  a  general 
theory  of  rockbursts  and  Mr.  Spalding's  present  paper  on  ground 
control  are  extremely  valuable  contributions  to  the  literature  on 
this  subject  in  that  they  bring  this  topic  of  exceptional  importance 
before  the  mining  and  scientilic  world  again. 

The  doming  theory  as  originally  conceived  by  Fayol  has  sub- 
sequently been  developed  on  the  Kolar  Gold  Field  by  Messrs. 
Jones,  Crowle,  Morrison,  and  Spalding.  The  writers  associated  with 
the  Kolar  field  have  enlarged  upon  but  seldom  departed  far  from 
the  fundamental  principles  laid  down  by  Jones.  Unfortunately 
Jones's  work  has  not  received  the  publicity  it  deserves  and,  apart 
from  his  most  useful  contribution  to  the  discussion  of  Crowle's 
paper,t  his  fundamental  calculations  based  on  certain  simplified 
assumptions  have  never  been  published.  The  theory  is  now 
beginning  to  be  increasingly  accepted  in  Canada  and  America, 
particularly  by  those  who  have  had  any  practical  experience  of 
rockbursts.  In  view  of  this  the  actual  derivation  of  Jones's  stress 
formulae  for  spherical  and  cylindrical  excavations,  as  well  as  his 
fundamental  assumptions,  may  be  of  interest  to  the  scientific 
workers  in  this  field,  particularly  b(^cause  investigations  into  the 
physics  of  rockbursts  will  be  one  of  the  most  important  lines  of 
mining  research  in  the  coming  years.  The  notation  used  in  what 
follows  is  that  used  by  Love  in  his  treatise  on  elasticity. 

1.  SpJierical  excavation. 

Using  polar  co-ordinates  (r,  6^,  </>),  if  u^,  ue,  Ug,  are  the  displace- 
ments along  the  three  axes  of  co-ordinates,  the  principal  com- 
ponents of  strain  are  e^,.,  eoo>  ^q>fp  a^id — 

'"-^ m 

'"=7^  +^   <^) 

^(P'P  = — ^-^  -^-T^  H cote  -{--^ (3) 

^^      rsm  ^      80  r  r 

*BulL  507,  February,   1949. 

fKoUir  Gold  Field  Min.  MetaU.  Soc.  Bull.  Vol.  4,  Xo.  22,  July-Dec, 
1927,  pp.  66-70. 
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Then,  the  cubical  dilatation —    A  =err  +  ^ee  +^<p<p 

hr        r       06  r        rsm<p  o<f>  r  r 

For  an  isotropic  material,  the  principal  stresses  are  : 
rr  =  AA  +  2/li  e,,    (5) 

ee  =  \^  +  2fji  eee (6) 

<^</>  =  AA  +2tie^g,  (7) 

where  rr  is  radial  stress,  60+<f>4>  are  tangential  stresses  and  A  is 

Lame's  constant ;  fx  is  the  coefficient  of  rigidity. 

If  a  spherical  cavity  of  radius  a  in  an  infinite  mass  of  rock  is 
subjected  to  a  hydrostatic  pressure  Q  and  it  is  assumed  that  there 
is  only  radial  displacement,  that  is  Uy=v,  UQ=u<f>=Oy  then  the 
above  equations  are  simplified  to — 

e„=^ (8) 

eee  =  ^<p<p  = —  (9) 

^=  w+- (i^> 

,',  rr  =  A  A  +  2/i  e„ 

=    U+2^)  -|-+2A  -^  (11) 

« 

^^  =  <^<^  =  X  A  +  2/x  - 

=     2  (A  +  /x)  7  +  ^  1^  (12) 

^<^=  r^  =  c^r  =  0   (13) 

K  the  excavation  is  in  equilibrium,  the  equation  of  motion  is — 

Substituting  equations  (11),  (12),  (13)  in  (14),  we  have — 

^        2  irr-m)  ^  ^  

br  r 

hv    .     ^.     tM    .     2  f  ..    .   ^  .  8u 


'-ii(*+^)f+"-*TKf;<^+«-£+^*7 


■2U+M)7-A^ 


=  0 


i^Ai 
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..e..(A  +  2M)-g^  +  — ^ ^+-(^2^3-^-2^-^=0 

i.e..(A  +  2;.)|^+2(A  +  2^)(i-    |- _^)   =  0 
i.e..  (A  +  2m)  -|^  +  2  (A  +  2m)  -^  (^)     =    0 

i.e..(A  +  2M)-8^(^-3^+— ^     =    0 

or  -5 1 =     constant    (16) 

or  r  ^    ' 

The  solution  of  this  differential  equation  is — 

A  and  B  being  constants. 


8t;                    2B 
Sr                    r*    ' 

V 

r 

=.+! 

-!"    +'''    -3.4 

r 

The  radial  stress  at  infinity  is  Q  and  since  the  excavation  is  in 
equiUbrium,  the  radial  stress  at  r  =  a  is  zero. 

,\rr  =  —  Q  at  r  =  oo  and  rr  =  o  at  r  =  a 

Substituting  in  equation  (11),  we  have : 

rr  =(  A  +  2,.)  (.4  -  -^)  +  2  A  ( .4  +    A^ (17) 

If  r  =  oo,  we  get  —  Q  =(A  +  2/li)  ^  +  2  A  -4 

-Q 


A  = 


3  A  +  2^ 


If  r  =  a,  wo  get — 

0  =  (A  +  2m)   Qi  -    ^) 


+  2A 


(^-4) 


.-.  (3  A  +  2^)  A  —  i^    =  0 


a 


3 


/.  B  = 


3  A  +  2^ 
4^ 


.4  a3   =  — 


3 


4m 


Substituting  these  in  (17),  radial  stress  = 
rr  =  {S  X  +  2fjL)  A  —  4fi    ^ 


r^ 


=  -Q  + 


3 
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=  -<3(i-  ^)  (18) 

Similarly,  tangential  stress  =  06  =  <f><f> 


=  -  e  -  2;x    ,     , 


^  2r3 


(19) 


2.  Cylmdrical  excavation. 

Assuming  that  there  is  only  radial  displacement  r,  as   before, 
the  components  of  strain  are  : 

V 

eoe    =    — r 

T 

.-.  A  =     -5-4 

or         r 

rr  =-  A  A  +  2/x  -.— 

dr 


=  (A  +  2^)-|^   +    A^ (20) 

^^  =  A  A  -r  2,x   -■-    .^  A-|^    -f    (A  -f  i>/x)  ^  (21) 

The  equation  of  motion  is  : 
Srr     ^     rr  —  60 

•X-  H =  0 C^-) 

or  r 

I.e.,  (A  +  2^)  -3^3-   +  -   -g^-  -  -^   -i-  -f  "sp   -  -;:^    r=  0 

I.e.,  (A  +  2^)   -^,-   -r  ^: ^ ^ r  =    0 


'■'■■■  (^  +  ^"l   ^  (-t  +    T  )  -  " 


(23) 
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+    —     =  constant    (24) 


8r  r 

B 

/.   r  =  At  +   — 

r 

—  il  —  — 7  ;     —     —  A   -T    — -> 


8r  7^  '       r  "    '        H* 

Now  rr  =  — Q  at  oo 

.-.     (A  +  2^)  A  +  XA  =  —Q 

.      4  = ? 

■  2  (A  +  /i) 

If  rr  =  0  at  r  =  a,  we  have — 

(A  +  2,x)  (.4   -A)   +    A  (  J  +  ^)   =  0 

.•.B=-^-(A+^).4  =  -^ 
Substituting  in  (20)  and  (21),  radial  stress  =  rr 

=  (A  ^  2,x)   Ql  _:?-)+  A   (.J  +  A^ 

=  2  (A  +  ^)  .4  -  2/x     ^ 


=  -  <^  4-  (?  ■^'-  -  -  <?  (  1  -  ^)    (25) 

Tangential  stress  =  f^O 

=  A  (  -J  --  ^)   +  (A  +  2ft)    (  .4  +  ^) 


=  2  (A  +  ^)  .4  +  2,x  -J 


a* 


=  -  <^  -  <?-. 


»•« 


=  -«('-^) 


.(26) 


P^oni  the  above  it  will  bo  seen  that  the  formulae  for  tangential 
and  radial  stresses  are  obtained  for  spherical  and  cylindrical  excava- 
tions with  the  following  assumptions  : 

(1)  The  rock  is  isotropic. 

(2)  The  excavation  is  subjected  to  hydrostatic  pressure  and  is  in 
equilibrium. 

(8)  Only  radial  displacement  is  assumed  to  be  possible. 

(4)  Eadial  stress  at  the  surface  of  the  excavation  is  assumed  to  be 
zero. 
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In  applying  those  formulae  to  dotermine  the  mutual  effect  of 
adjacent  excavations,  on  p.  11  of  his  paper  Mr.  Spalding  estimates 
that  the  stress  in  the  rock  at  the  sides  of  the  tunnel  in  the  direction 


(-^) 


of  the  ring  stress  of  the  chamber  will  be  given  by  (    1  -\ — -j  )  1 J  d 

with  a  maximum  at  r  =  a  of  2J  Q.  In  the  abova  example,  the 
tangential  and  radial  stress  in  the  rock  surrounding  the  chamber 
at  r  =  2a  are  IJ  Q  and  |Q,  respectively. 

Thus  the  tunnel  is  not  driven  in  rock  subjected  to  hydrostatic 


(-^) 


pressure  and  consequently  the  formula  (    1  +   — ^  1  Q  cannot  be 

applied  to  determine  the  tangential  stress.  Again,  what  is  tangen- 
tial stress  with  reference  to  the  former  excavation  need  not 
necessarily  bo  tangential  stress  with  reference  to  the  latter. 

It  is  to  be  hoped  that  the  problem  of  the  efifect  of  adjacent 
excavations  will  be  tackled  in  a  more  systematic  and  precise  way. 

Mr.  H.  W.  Sawrey*  :  When  considering  roof/hanging-wall 
failure  over  an  underground  opening  at  shallow  and  moderate 
depths,  the  dominant  controlling  factor  in  rocks  of  high  cohesion 
must  be  the  shear  strength  of  those  rocks.  The  following  method, 
based  on  the  theory  of  doming,  is  an  attempt  to  arrive  at  a  rough 
estimate  of  the  *  quantities  '  in  simple  cases  of  roof  failure. 


Fi^'.  33  represents  tlio  condition  of  a  face  advancing  to  tlie  rise 
from  solid  ground  to  the  dip.  The  oxcavation  is  sufticiently  deep  to 
avoid  surface  caving,  and  (hu  colu-sion  of  tlu*  roof  rock  is  such  that 
a  considerable  area  will  stand  unsupporti'd. 

D-Di  represents  a  pressure  dome  about  to  be  formed  above  the 
opening.  For  small  variations  in  shear  strength  this  should 
primarily  approximat(»  to  a  circle. 

If  the  section  is  considered  to  liave  a  thicknc^ss  of  1  ft.  then — 
the  force  tending  to  closun*  W  —  ap,  where  a  is  the  area  beneath 
the  dome  and  p  is  rock  density  in  appropriate  units';    and  the 

*  Directorate  of  Opencast  Coal  Production,  Ministry  of  Fuel  and  Power, 
Wigan. 
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force  tending  to  resist  closure  =  si,  where  s  is  the  mean  shear 
strength  in  the  probable  direction  of  movement,  and  I  =  length 
of  dome. 
With  bedded  roofs  of  varjdng  strata  si  becomes  s^l^  +  «2^  + 

53/3 where  /i  +  ^  +  ?3 =  l- 

By  trial  and  error  one  curve,  and  one  only,  can  be  drawn  which 
satisfies  the  equation 

fW  =  fap  =  si 
(The  factor  of  safety  /  is  introduced  to  compensate  for  any  hori- 
zontal pressures  involved.) 

If  partial  failure  has  not  occurred  before  the  point  C  is  reached, 
violent  failure  should  occur  along  the  line  D-Dj. 

Laboratory  tests  to  determine  shear  strength  of  roof  rocks  at 
various  angles  should  be  possible  with  a  properly  designed  shear-box. 


FACE 


Fio.  34 


Fig.  84  represents  a  further  stage  in  working  to  the  rise,  at  a  time 
when  the  supports  at  C  are  fully  compressed  and  closure  has  taken 
place  without  violence  as  a  result  of  careful  control. 

This  should  result  in  the  replacement  of  the  critical  curve  D-D^ 
by  D-D2  of  length  /j.  Curve  D-Dg  can  be  drawn  by  trial  and  error 
to  satisfy  the  expression 

(oi  =  crosshatched  area). 

This  gives  a  critical  point  C^. 

In  designing  a  stoping  area  under  a  roof  of  very  high  cohesion, 
a  series  of  critical  circles  based  on  shear  strength  can  be  drawn  by 
trial  and  error,  giving  points  C,  Cj,  and  C2»  etc..  at  which,  on  the 
foregoing  premises,  *  bumps  '  tend  to  occur  unless  advance  is  so 
regulated  that  the  roof  at  the  previous  critical  point  is  *  down  * 
before  the  face  has  passed  the  next  critical  point.  The  inference  is 
that  under  these  conditions  of  face  advance  roof  settlement  would 
advance  in  surges  as  the  face  approached  and  passed  each  critical 
point. 

The   voluminous   literature   on    this   subject   emanating   from 
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Fig.  35 

colliery  practice  appears  to  deal  with  rocks  of  relatively  low  cohesion 
and  shear  strength.  Critical  curves  would  be,  according  to  this 
theory,  much  steeper  adjacent  to  the  face  and  the  pressure  build-up 
before  failure  much  smaller. 

Adaptations  of  this  method  to  cope  with  varying  shear  strength, 
surface  subsidence,  and  steeply-dipping  seams,  etc.,  are  possible. 


AUTHOirS  WKITraX  llEPLY  TO  DISCUSSION* 

Mr.  Jack  Spalding  :  Mr.  T.  J.  E.  Sales  asked  if  the  radius  of 
the  effective  excavation  and  the  arbitrarv  limit  bovond  which 
stresses  could  be  treated  as  trivial  could  not  be  more  clearlv  defined. 
This  is  not  possible  because  rocks  are  not  consistent  substances — 
considerable  local  variations  occur  in  their  physical  characteristics, 
and  there  are  external  variations  due  to  slips,  cleavages,  faults, 
etc.,  running  through  them,  so  that,  even  were  accurate  determina- 
tion possible  for  a  given  rock,  it  could  not  be  applied  with  certainty 
throughout  even  a  single  mine.  The  only  application  of  the  theory 
is  one  of  comparison — one  place  or  method  is  safer  or  less  safe  than 
another,  one  excavation  stronger  or  weaker  than  another.  This, 
together  with  local  experiences  as  to  what  will  stand  and  what  will 
not,  should  be  of  assistance  in  designing  layouts. 

Mr.  J.  Norman  Wynne  enquired  the  ratio  of  excavated  to  solid 
ground  on  the  Kolar  Gold  Field  and  on  the  Hand.  At  the  former 
field  over  a  strike  length  of  4.V  miles  and  to  a  depth  of  6,000  ft., 
under  40  per  cent  of  the  area  has  been  stoped,  whereas  on  the  Rand 
there  are  areas  of  comparable  size  for  which  the  figure  is  nearh' 
100  per  cent. 

♦  Bull  509,  April,   1949,  and  above. 
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As  mentioned  by  Mr.  Wynne  it  is  posnible  that  certain  areas  are 
more  liable  to  rockbursts  than  others.  This  may  be  for  local 
geological  reasons — changes  in  the  quality  of  the  rock  may  easily 
bring  this  about — but  it  is  more  likely  that  the  plans  of  stoping 
adopted  and  the  changing  shapes  of  the  complex  stoped  areas  are 
more  instrumental  in  making  certain  areas  dangerous. 

The  *  external  infiuonco  touching  off  *  rockbursts  was  a  concep- 
tion widely  held  in  his  day  on  the  Kolar  Gold  Field,  and  considerable 
research  has  been  done  to  connect  the  occurrence  of  earth  tremors 
with  such  factors  as  temperature,  humidity,  barometric  pressure, 
phases  of  the  moon,  etc.  If  mining  operaticms  have  brought 
stresses  at  a  certain  place  to  the  critical  point,  it  is  possible  that, 
given  time,  creep  may  permit  their  partial  dissipation  and  prevent 
a  violent  rock  failure.  On  the  other  hand  it  is  conceivable  that  an 
external  influence,  however  small,  might,  if  it  occurred  at  the 
correct  moment,  upset  the  balance  before  the  creep  had  had  time 
to  operate,  thus  bringing  about  the  rockburst  after  all.  Distinct 
correlation  between  earth  tremors  and  an  external  factor  has  not, 
however,  been  found. 

Tidal  forces  in  the  earth's  crust  are  said  to  be  extremely  minute 
and  are  unlikely  to  have  any  effect  :  barometric  change  is  probably 
the  factor  most  likely  to  occasicm  a  burst  in  rock  in  which  pressure 
has  reached  the  critical  point.  The  walls  of  a  stope  are  kept  apart 
not  only  by  the  supports,  but  by  the  atmospheric  pressure.  A  fall 
in  this  of  1  in.  of  mercury  represents  a  drop  of  over  300  tons  in  the 
forces  resisting  closure  of  the  walls  of  a  stope  measuring  100  ft. 
square,  equivalent  to  the  removal  of  one  packed  pigsty.  Thus  a 
sudden  fall  of  the  })arometer  before  a  tropical  storm  may  result  in 
a  movement  of  the  walls  of  the  stope  which  may  in  turn  possibh^ 
precipitate  a  rockburst.  Quite  apart  from  rockbursts  this  is  an 
interesting  point — with  a  rapidly  fluctuating  barometer  closure  can 
be  conceived  as  occurring  only  on  the  falling  barometer,  with  pauses 
when  the  pressure  is  rising. 

This  discussion  should  not  be  allowed  to  detract  from  the  fact 
that  rockbursts  are  caused  by  mining  operations,  not  by  external 
influences — the  latter  may  occasionally  touch  them  oiT,  but  the 
accumulation  of  forces  which  when  relieved  may  cause  a  rockburst 
is  built  up  entirely  by  the  conduct  of  mining.  None  of  the  external 
influences  are  the  cause  of  rockbursts — their  energy  is  extremely 
small  and  they  must  be  looked  upon  as  '  last  straws  '  added  to  a 
loading  already  in  existence.  This  is  borne  out  by  Mr.  Wynne's 
experience  in  mines  in  Japan  during  the  earthquake — the  loading 
on  the  rock  in  those  mines  did  not  approach  the  critical  point  of 
failure  and  so  no  tremor  could  cause  that  failure. 

In  the  discussion,  too  much  emphasis  has  perhaps  been  paid 
to  rockbursts  :  these  phenomena  are  merely  incidental  to  the  theme 
of  the  paper,  and  the  publicity  which  they  have  been  given  should 
not  be  allowed  to  deceive  the  reader  that  the  theories  propounded 
and  the  conclusions  reached  are  only  applicable  to  mines  where 
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rockburats  commonly  occur — tbey  are  applicable  to  all  mines. 

Mr,  H.  \V,  Sawrey's  interesting  contribution  is  welcome  in  that 
it  opens  up  an  aspect  of  the  subject  of  rock  pressure  that  is  still 
widely  misunderstood.  The  majority  of  mining  men,  including 
this  contributor,  still  consider  that  what  causes  the  closure  of  the 
walls  of  their  slopes  is  the  wei|;ht  of  the  rock  in  the  hanging-wall. 
Actually  there  are  two  distinct  causes  of  closure — gravity  and 
expansion. 

When  a  stope  is  opened  up,  the  weight  of  the  rock  within  the 
hanging- wall  fracture  dome  (if  any)  is  taken  chiefly  by  the  supports. 


Fig.  30 


Fio.  37 


This  weight  squfczcs  the  supports  and  closure  lakes  place  (sfo 
Fig.  36)  ;  it  acts  viTtically  downwards,  and  so  the  slei'per  thp  dip 
the  less  tlu^  weight  on  the  supports  from  this  cause,  and  the  less 
the  closure.  In  a.  vertical  slope  with  strong  walls  no  closure  due 
to  gravity  is  to  be  expected. 

The  weight  of  the  rock  belwwn  the  stress  envelope  and  the 
fracture  dome  (shown  shaded),  or  in  ca.se3  where  thero  is  no  fracture 
dome  the  weight  of  all  the  rock  within  the  stress  envekipe,  is  carried 
by  the  ruck  itself  as  a  heani.  resting  on  tli<'  ends  of  ground  and 
bridging  the  stope.  This  beam  is  loiide<l  heavily  in  the  centre 
and  somewhat  tn<ire  lightly  towards  the  sides.  Part  of  the  loa<liug 
is  transmitted  to  the  rock  in  the  ends  of  ground  as  Ihe  weight  of  a 
bridge  is  transniitied  lo  the  piers ;  but,  unlike  a  bridge,  part  is 
transmitted  to  the  supports  placed  under  Ihe  span  by  the  beam 
bi-ndiiig  under  Ihe  load. 

Thus  there  are  two  forces  causing  closure  by  gravity — the  dead 
wei^'ht  of  loose  rock  in  the  fracture  dome,  and  the  force  exerted  by 
the  solid  wall  bending  under  the  weight  of  rock  in  the  expansion 
dome.    Hoth  these  effects  (lecrease  as  the  dip  becomes  steeper, 

Jt  will  be  seen, that  there  are  severe  limitations  to  the  extent  of 
clofiury  by  gravity.     First,  since  the  volume  of  rock  within  the 
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hanging-wall  portion  of  the  stress  envelope  will  not  necessarily 
increase  with  depth,  the  forces  which  cause  closure  by  gravity  will 
be  of  the  same  order  at  all  depths.  Secondly,  since  gravity  of 
necessity  acts  vertically,  there  can  be  no  closure  due  to  this  cause 
in  vertical  stopes,  except  perhaps  where  the  rocks  are  so  fractured 
as  to  become  mobile.  Thirdly,  there  can  be  no  movements  due  to 
gravity  in  the  foot- wall. 

In  practice  it  is  found  that  closure  is  not  bound  by  these  Umita- 
tions — ^it  takes  place  in  vertical  stopes  and  from  the  foot-wall,  and 
increases  with  depth — and  so  there  must  obviously  be  some 
additional  factor  which  causes  it.  This  factor  is  expansion.  When 
a  substance  is  compressed,  energy  is  put  into  it ;  when  it  is  released 
from  compression  it  gives  back  energ}'.  All  the  energy  put  in  is 
not,  however,  returned  immediately,  but  only  a  portion  of  it 
depending  on  the  elastic  characteristics  of  the  rock.  For  example, 
Sano  found  that  for  granite,  subjected  to  a  pressure  equal  to  a 
depth  of  6,500  ft.,  40  per  cent  of  the  energy  used  in  compression 
was  returned  on  release. 

In  a  solid  rock  mass  at  depth  the  rock  is  compressed  under  its 
own  weight  and  is  confined  there,  a  store  of  energy,  awaiting  the 
chance  to  expand.  Mining  excavations  afford  it  this  chance,  and 
it  is  the  return  of  a  portion  of  this  energy  that  is  responsible  for  all 
the  phenomena  of  rock  pressure  seen  in  deep  mining.  When  a  stope 
is  opened  up  the  rock  in  both  walls  is  given  a  free  face  to  which  it 
can  expand.  This  it  does  until  checked  by  its  own  resistance  to 
bending  or  by  the  supports.  Since  the  compression  of  the  rock 
in  the  foot-wall  must  always  be  somewhat  greater  than  that  in 
the  hanging- wall  (greater  depth),  the  expansive  force,  and  therefore 
the  closure  taking  place  from  this  cause,  must  also  be  slightly 
greater  in  the  foot -wall.  In  both  walls  the  movement  of  expansive 
closure  will  always  be  at  right  angles  to  the  plane  of  the  lode. 

Closure  due  to  expansion  therefore  occurs  in  both  walls  and, 
given  a  hydrostatic  state  of  stress,  does  not  vary  with  the  dip — 
it  is  the  same  in  a  vertical  stope  as  in  a  horizontal  one.  On  the 
other  hand,  since  the  original  compression  of  the  rock  is  propor- 
tional to  the  depth,  the  expansive  force  causing  closure  likewise 
increases  with  the  depth.  It  will  also  vary  with  the  elastic  qualities 
of  the  rock — an  inelastic  rock,  such  as  an  open-textured  sandstone 
or  a  shale,  will  only  return  a  small  percentage  of  the  energy  of  com- 
pression put  into  it,  whereas  the  more  elastic  the  rock  is  the  greater 
will  the  returning  force  be. 

To  sum  up,  the  expansive  forces  causing  closure  are  proportional 
to  the  depth  and  to  the  elastic  properties  of  the  surrounding  rocks, 
but  are  independent  of  dip  and  wall ;  whereas  those  due  to  gravity 
vary  with  the  dip,  are  independent  of  the  depth,  and  occur  in  the 
hanging-wall  only.  In  shallow  flatly-dipping  mines,  therefore,  and 
in  mines  at  medium  depth  where  the  rock  is  inelastic  the  gravity 
effect  is  the  most  apparent ;  but  in  deep  mines,  and  in  mines  of 
medium  depth  where  the  dip  is  steep  or  the  elasticity  of  the  rock 
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is  high,  the  gravity  effect  is  masked  by  the  greater  effect  of  expansion. 
Mr.  Sawrey's  quantitative  approach  to  the  subject  is  therefore  only 
applicable  to  the  former  class  of  mines,  and  in  that  only  to  mines 
where  the  fracture  dome  occupies  the  whole  of  the  space  within 
the  stress  envelope,  which  condition  is  common  in  British  coal 
mines.  It  is  these  essential  differences  in  the  method  of  closure  that 
account  for  the  different  approaches  to  the  subject  of  rock  pressure 
that  have  been  made  by  coal  and  metaUiferous  miners. 

Another  misconception  appears  to  be  common  among  mining 
engineers.  When  the  back  of  an  excavation  sags  down,  arches  up, 
or  otherwise  causes  trouble,  it  is  often  thought  that  this  is  the 
effect  of  a  directly-acting  vertical  pressure.  Actually  this  con- 
ception is  too  simple — a  pressure  cannot  act  vertically  down 
through  the  rock  and  continue  right  down  to  the  very  skin-rock  of 
the  excavation  and  then  stop.  Unopposed  by  the  open  excavation 
below  it,  such  a  pressure  must  destroy  the  equilibrium,  and  collapse 
the  roof.  Actually  the  vertical  pressure  is  diverted  to  pass  each 
side  of  the  excavation,  and  to  bend  the  course  of  this  vertical 
pressure  a  horizontal  pressure  is  necessary. 

Consider  a  system  of  links  arranged  in  diamond  form  (Fig.  37)  : 
apply  a  vertical  pressure,  P,  and  the  corners,  AA,  will  be  thrust 
outwards  as  shown  by  the  small  arrows.  To  preserve  the  equili- 
brium an  inwardly-acting  horizontal  pressure  must  be  applied  to 
the  corners,  AA,  to  balance  this  tendency  to  thrust  outwards. 
Where  the  vertical  pressure,  P,  is  greater  than  the  horizontal 
pressure,  Q,  the  linkwork  must  be  elongated  upwards  as  shown  in 
Fig.  38  :  but  where  the  horizontal  pressure  is  the  greater,  horizontal 
extension  is  required  (Fig.  39). 

Substitute  for  the  link  system  the  rock  surrounding  a  gallery. 
The  links  represent  the  stress  envelope,  though  there  should  be  an 
infinite  number  of  them  as  indicated  in  Fig.  40,  forming  a  circular 
shape  (or  elliptical,  extended  as  above).  Moreover,  the  stress 
should  not  be  considered  as  merely  horizontal  or  vertical,  but  as 
acting  in  every  conceivable  direction.    This  stress  is  represented  in 


Fio.  38  Fig.  39 
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the  figure  by  the  arrows.  The  Imks  are  thrown  into  compression 
and  represent  the  stress  ring.  However,  if  the  stresses  are  resolved 
into  horizontal  and  vertical  components,  the  system  can  bo  simply 
represented  as  above  by  four  links  only.  The  shape  of  the  stresri 
envelope  depends  then  on  the  relative  amounts  of  vertical  and 
horizontal  pressure.  In  this  the  writer  disagrees  with  Mr.  Sawrey's 
assumption  of  a  circular  dome  in  the  case  of  low  hprizontal  pressure. 

In  cases  where  there  is  little  or  no  horizontal  pressure  it  will  be 
obvious  that,  in  order  to  balance  the  vertical  pressure  transmitted 
through  the  rock  to  the  sides  of  the  galler}-,  those  sides  (the  points 
AA  in  Fig.  37)  will  be  caused  to  move  outwards  until  they  have 
set  up  a  horizontal  pressure  sufficient  to  establish  equilibrium,  and 
the  gallery  will  be  shghtly  flattened.  This  flattening  may  sometimes 
cause  longitudinal  tension  cracks  to  develop  in  the  back  of  the 
excavation  (see  Fig.  41),  causing  one  form  of  arching.  Professor 
Silhck  has  already  described  mathematically  how  such  a  tension 
can  arise.  In  flat-roofed  excavations  at  shallow  depths  hmgitudinal 
tension  cracks  are  frequenth-  seen — they  indicate  the  absence  of  a 
pre-existing  horizontal  component  of  pressure.  Excellent  examples 
can  be  seen  throughout  the  Tura  '  Caves  ' — adit  mines  into  an 
escarpment  near  Cairo  from  which  building  stone  was  won  for  the 
earlier  pyramids. 

In  these  cases  the  highest  stress  in  the  rock  is  at  AA  in  Fig.  41, 
in  the  sides  of  the  gallery,  and  the  rock  ma}'  split  or  spall  here  under 
the  pressure.  Similar  pressure-arching  in  the  back,  on  the  other 
hand,  is  more  likely  to  be  due  to  excessive  horizontal  stress  than  to 
a  vertically-acting  pressure. 

In  order  to  get  a  true  conception  of  the  stresses  surrounding 
excavations  at  depth  and  their  possible  effects  on  the  rock,  the 
idea  that  the  rock  is  an  elastic  substance  under  compression  must 
be  kept  to  the  fore,  liound  an  excavation  such  as  a  mine  gallery 
it  is  easy  to  imagine  the  rock  pressing  inwards  from  all  sides, 
jannning  against  itself  and  setting  up  the  ring  stress  (Fig.  4'J).  The 
relative  amounts  of  horizontal  and  vertical  pressure  do  not  affect 
this  conception — they  merely  affect  the  shape  of  the  stress  ring. 
Keeping  the  conception  in  mind  the  effect  of  a  fault,  or  a  fissure 
across  which  there  is  little  cohesion,  crossing  the  envelope  of  stress 
at  an  angle  can  easily  be  imagined,  and  the  tendency  of  the  shaded 
portions  of  rock  to  slip  inwards  can  be  anticipated. 

In  an  elongated  excavation  such  as  a  stoped  area,  at  the  ends  of 
ground  similar  elTects  to  those*  which  occur  at  the  sides  of  a  gallery 
can  he  imagined,  but  in  the  expansion  of  the  flat  walls  of  a  stoped 
area  there  can  be  no  jamming  action  preventing  farther  closure, 
and  this  closure  is  only  prevented  by  the  strength  of  the  wall  rock 
against  bending  and  by  the  resistance  opposed  by  the  supports. 
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FURTHER  CONTRIBUTED  REMARKS  ON 

Geophysics  and  Economic  Geologsr* 

By  J.  Mo.G.  Bbuokshaw,  Ph.D.,  M.So.,  D.LC. 

Mr.  Helmer  Hedstromt :  When  dealing  with  the  electrical 
methods  Dr.  Bruckshaw  states  that  of  the  two  major  divisions — 
surface  potential  observations  and  inductive  methods — ^the  former 
has  been  used  most  extensively.  This  statement,  which  is  not 
supported  by  any  figures  (number  of  crew-months  for  each  method, 
etc.),  could  hardly  be  correct  if  it  applies  to  ore  prospecting.  From 
my  26  years  of  experience  with  electrical  prospecting  methods, 
from  the  crew-months  statistics  of  electrical  work  of  which  I  know, 
and  from  what  I  have  read  and  heard,  I  would  rather  say  that  the 
inductive  methods  have  had  many  times  more  extensive  application 
than  surface  potential  methods. 

The  author  also  discusses  the  well-known  '  saturation  effect ' 
encountered  in  electrical  prospecting  and  illustrates  it  with  an 
example.    He  says : 

In  a  massive  limestone  of  resistivity,  say,  100,000  ohm.cm.,  there  is 
little  change  in  the  magnitude  of  the  anomaly  if  the  body  resistivity  lies 
between  3,000  and  0  ohin.cm.  In  this  range  will  lie  ^e  values  of  good 
conducting  metal  sulphides,  but  in  addition  bands  of  clay,  graphitic  schists, 
etc.,  may  fall  within  it.  Th^  are  detected  with  equal  ease  and  no  adaptatiou 
of  this  S3rstem  will  distinguish  them. 

While  this  is  all  very  true  for  the  first  group  of  methods  mentioned 
by  the  author — the  surface  potential  methods —  it  does  not  apply 
to  the  inductive  methods.  For  inductive  methods  the  '  saturation 
effect '  is  closely  linked  to  the  freqtiency  used.  For  instance,  for  a 
very  large  orebody  of  spherical  shape,  and  with  the  very  good 
electrical  conductivity  of  25  ohm.cm.,  the  saturation  value  of  the 
anomaly  that  the  orebody  may  cause  is  reached  at  about  50,000 
cycles.  At  8,520  cycles  the  anomaly  is  still  about  95  per  cent  of 
this  saturation  value,  at  880  cycles  88  per  cent,  at  220  cycles 
78  per  cent,  and  even  at  the  low  frequency  of  55  cycles  the  anomaly 
is  still  60  per  cent  of  the  saturation  value.  Now,  if  this  same 
orebody  were  instead  to  have  a  resistivity  of  2,500  ohm.cm. 
(*  medium  conductivity  ')  the  anomaly  at  8,520  cycles  would  be 
58  per  cent  of  the  saturation  value,  at  880  cycles  20  per  cent,  at 
220  cycles  5-5  per  cent  and  at  55  cycles  only  1*5  per  cent. 

I  hope  that  these  figures  will  show,  without  further  comment, 
that  the  use  of  two  different  frequencies — e.g.  880  and  220 — ^for 
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the  same  survey  will  readily  distingaish  between  a  very  good  and  a 
'  medium '  oonduotor. 

In  a  paper  presented  before  the  American  Institute  of  Mining 
and  Metallurgical  Engineers  in  February,  1987,  printed  as  the 
A.I.M.E.  Tecimicdl  PtMicaiion  No.  827,  I  have  further  shown  that 
the  ratio  between  in-phase  and  out-of-phase  components  of  the 
'  secondary  field '  will  tell  the  difference  between  two  good  con- 
ductors when  the  ratio  between  the  resistivities  is  only  1 :  18. 

'  The  major  defects  of  the  electrical  methods  '  as  summarized  by 
the  author — ^viz.  '  a  lack  of  discrimination,  a  limited  depth  of 
penetration,  and  a  susceptibility  to  near-surface  features  which 
give  an  irregular  background ' — are,  likewise,  inherent  only  to 
the  surface  potential  methods,  not  to  the  inductive  methods.  As 
already  shown  the  inductive  methods  can  discriminate  between 
good  conductors,  such  as  metal  sulphides,  and  conductors  of 
'  medium '  conductivity,  like  bands  of  clay,  etc.  As  for  depth  of 
penetration,  inductive  methods  have  located  orebodies  at  depths 
of  600  ft.  under  non-conducting  rock  in  Sweden  and  Norway, 
according  to  results  previously  published.  The  susceptibility  of 
inductive  methods  to  near-surface  features  (conductors  of '  medium  ' 
conductivity)  can  be  very  much  reduced  by  the  use  of  low  fre- 
quencies, and  can  be  nearly  eliminated  by  using  double-frequency 
surveys. 

In  the  discussion  of  Dr.  Bruckshaw's  paper  Mr.  McPherson  said 
that  in  mining,  in  looking  for  orebodies,  the  geophysical  methods 
were  a  doubtful  weapon  ;  there  had  been  hundreds  of  cases  of  geo- 
physical work  carried  out  with  few  successes.  He  considered  that 
geophysical  methods  should  only  be  employed  under  the  control 
of  an  experienced  geologist  who  thoroughly  understood  their 
limitations.  The  last  sentence  quoted  would  be  heartily  endorsed 
by  all  serious  mining  geophysicists,  who  have  always  looked  upon 
the  geophysical  technique  as  a  '  tool  for  the  geologist '.  In  fact, 
every  geophysicist  worthy  of  the  name  would  himself  have  sufficient 
knowledge  and  experience  of  mining  geology  to  be  able  to  advise, 
from  reports  by  '  local '  geologists,  from  tests  on  samples  and  from 
inspection  of  the  grounds,  whether  geophysical  methods  shoifld 
be  resorted  to  or  not  in  a  specific  case.  There  are  many  cases  where 
geophysical  methods  should  not  be  used,  and  it  is  the  practice  of 
geophysical  contractors  of  good  standing  to  investigate  prospecting 
problems  thoroughly  before  they  undertake  contract  work,  and  to 
advise  against  the  use  of  geophysical  work  in  cases  where  it  would 
probably  not  be  economically  useful. 

If  the  usefulness  of  geophysical  methods  in  mining  is  to  be 
judged  from  Mr.  McPherson*s '  hundreds  of  cases  '  it  would  therefore 
only  be  fair  to  exclude  all  those  cases  where  the  above  procedure 
has  not  been  followed,  where  the  work  has  been  done  by  com- 
mercialized *  go-getting  *  new-comers  who  call  themselves  geo- 
physicists, and,  for  instance,  where  the  client  has  not  been  a 
mining  company  with  a  good  geological  department,  but  some 
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obscure '  prospecting  syndicate  \  with  directors  who '  do  not  believe 
in  geology '  bat  want  to  impress  their  shareholders  by  being 
progressive  and  using  the  latest  and  most  modem  divining  methods. 
If  Ifr.  McPherson's  statistics  were  to  be  limited  to  those  cases  where 
serious  geophysical  work  has  been  employed,  there  is  no  doubt  that 
his  percentage  of  '  successes  '  would  rise  very  appreciably. 

Mr.  McPherson  did  not  define  what  he  meant  by  the  word 
'  successes  '.  I  do  hope  that  he  did  not  mean  that  a  geophysical 
survey  is  successful  only  when  commercial  ore  is  found  !  After  all, 
it  is  the  mining  company  employing  the  geophysicists  that  chooses 
the  area  to  be  surveyed.  Because  orebodies.  are  very  rare 
occurrences  it  is  natural  that  most  of  the  areas  chosen  for  investiga- 
tion do  not  contain  an  orebody.  When  the  result  of  a  geophysical 
survey  and  of  the  subsequent  exploratory  work  is  therefore  correctly 
negative,  this  cannot  very  well  be  reported  as  an  '  unsuccessful ' 
geophysical  survey.  If  the  word  '  unsuccessful '  is  to  be  used,  it 
would  in  this  case  rather  apply  to  the  mining  company's  choice 
of  area  to  be  prospected. 

To  a  serious  geophysicist  the  measure  of  '  success '  of  a  geo- 
physical survey  is  simply  the  money  that  the  survey  has  saved  in 
the  total  programme  of  a  prospecting  campaign.  It  cannot  be 
emphasized  too  strongly  that  geophysical  work  should  be  regarded 
only  as  one  step  in  a  sequence  of  a  complete  prospecting  pro- 
gramme and  as  an  economic  measure  used  to  effect  savings  in  the 
total  cost  of  exploration.  In  such  a  prospecting  programme  it  is 
left  to  the  orthodox  methods  of  trenching,  digging,  shaft-sinking, 
and  drilling  actually  to  find  the  ore — if  ore  is  present — but,  because 
these  methods  are  time-wasting  and  costly,  it  is  often  economical 
and  wise  to  eliminate  as  much  as  possible  of  the  area  involved 
trom  the  application  of  these  methods,  by  detailed  geological 
investigations  and  thorough  geophysical  work ;  the  real  economic 
importance  of  the  geophysical  methods  lies  in  this  elimination  of 
barren  ground. 

In  the  discussion  Mr.  McPherson  emphasized  his  belief  that  in 
most  instances  ordinary  methods  of  prospecting  by  geological 
dxamination  combined  with  trenching  and  shallow  underground 
work,  followed  by  drilling  and  deeper  underground  work,  were  the 
3heapest.  If  this  reasoning  is  to  hold  good,  however,  it  is  necessary 
that  geological  examination  should  be  possible,  either  on  an  exposed 
bedrock  surface  or  in  shallow  trenches.  However,  in  typical 
Dre-prospecting  nowadays  it  is  not  possible  for  a  geologist  to  examine 
^he  bedrock  surface  over  a  sufficiently  large  part  of  the  area  to  be 
prospected.  (If  it  were,  the  outcropping  ores  would  certainly 
ilready  have  been  found — most  probably  long  ago  ;  the  *  Ancients  * 
«rere  very  clever  prospectors.)  It  is  precisely  in  these,  the  usual 
jases,  where  geophysical  work — the  new  *  tool  for  the  geologist  * — 
(hould  be  applied,  in  order  to  give  geological  information  where 
ihe  bedrock  is  hidden  to  the  geologist  and  where  it  is  considered 
>o  be  too  costly  to  expose  it  through  trenching,  shallow  core- 
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drilling,  and  so  on.  A  necessary  condition  is,  of  course,  that  the 
mineralization  looked  for  is  such  that  will  cause  geophysical  ano- 
malies, or,  at  least,  that  geophysical  work  can  be  usefid  for  other 
reasons,  as  exemplified  on  the  Band.  If  this  is  not  the  case,  a  serious 
geophysicist  will  explain  that  geophysical  work  cannot  be  usefully 
employed  to  cut  the  costs  of  exploration,  and  the  only  way  out  is 
then  the  '  ordinary  methods  of  prospecting '  referred  to  by  Mr. 
McPherson,  which  are  generaUy  not  at  all  cheap,  but  costly  and 
time-wasting.  Because  the  decision  whether  or  not  geophysical 
work  should  be  applied  is  made  on  geological,  geophysical  and 
economic  grounds,  it  foUows  that  the  use  of  serious  geophysical 
work  in  a  prospecting  programme  will  always  make  the  exploration 
cheaper  (and  faster)  than  the  use  of  the  ordinary  methods  referred 
to  by  Mr.  McPherson. 

In  a  typical  case  of  exploration,  where  geophysical  work  is  used, 
we  may  assume  that  the  geologist  is  able  to  eliminate  as  barren, 
say,  four  fifths  of  the  area  to  be  investigated.  The  geophysicist 
may  be  able  to  eliminate  most  of  the  remainder,  leaving,  say, 
only  eight  or  ten  '  suspicious  '  places,  where  exploratory  work  may 
be  concentrated.  Out  of  these  remaining  places,  a  trained  and 
experienced  geophysicist  can  usually  (for  instance,  by  the  use  of 
several  geophysical  methods)  eliminate  another  part,  leaving  only  a 
few  places  where  exploratory  work  has  to  be  resorted  to.  This,  of 
course,  does  not  mean  that  there  must  necessarily  be  commercial 
ore  in  these  remaining  '  suspicious  places  * — ^it  means  only  that 
one  has  been  able  to  save  the  cost  of  exploratory  work  in  a  great 
many  other  places  on  barren  ground.  When  this  entire  exploration 
programme  has  been  completed,  a  comparison  of  the  total  cost  with 
the  calculated  cost  of  a  complete  investigation  of  the  whole  area 
vrUhout  the  use  of  geophysical  work  will  show  whether  the  geo- 
physical survey  has  been  *  successful '  or  not.  The  question  whether 
ore  was  found  or  not,  in  one  or  more  of  the  '  suspicious  places  ' 
indicated  by  the  geophysical  work,  does  not  enter  into  this 
consideration. 

The  great  savings  effected  by  the  use  of  geophysical  work  in  an 
exploration  programme  has  made  possible  prospecting  campaigns 
that  would  not  have  been  economically  feasible  without  the  use  of 
such  methods.  The  ore  discoveries  made  in  the  course  of  these 
campaigns — about  100  cases  in  Sweden  only,  from  1918  onwards 
— can  therefore  be  credited  to  the  use  of  geophysical  methods, 
even  though  the  actual  '  discovery  '  has  always  been  made  in 
drilling  or  shaft-sinking  on  geophysical  anomalies,  which  for  the 
most  part  did  not  correspond  to  commercial  orebodies.  The  people 
who  decided  en  the  use  of  geophysical  work  in  these  cases,  and  who 
have  continued  to  use  it  ail  along,  were  exactly  of  the  type  referred 
to  by  Mr.  McPherson — that  is,  their  '  essential  purpose  in  life  was 
not  geology  or  physics  but  to  find  and  exploit  profitable  ores 
and  to  find  them  by  the  cheapest  methods. '  They  also  folly 
understood  that  '  one  could  not  mine  anomalies  *  and  that  it  waa 
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necessary  '  to  start  in  by  the  usual  methods  to  find  out  what  those 
anomaUes  meant '.  Still,  they  found  that  it  was  good  businesH  to 
use  geophysical  methods — just  as  the  most  hard-headed  business 
men  of  the  American  oil  industry  have  found  out.  In  this  connec- 
tion I  would  like  to  point  out  that  Mr.  McPherson  went  to  the  other 
extreme  when  he  said  that  there  was  no  question  whatsoever  of  tho 
value  of  geophysical  methods  in  oil  exploration.  There  are 
certainly  many  cases  in  oil  exploration,  just  as  in  ore  prospecting, 
where  geophysical  methods  cannot  be  profitably  applied,  and  the 
question  of  the  value  of  these  methods  has  to  be  decided  in  eacOi 
separate  case  from  the  geological  conditions  and  from  test  surveys. 

Mr.  McPherson  admitted  that  *  in  certain  special  cases  geophysics 
could  be  particularly  useful '  to  locate  a  strongly-magnetic  or  good- 
conducting  orebody,  but  he  added  the  condition  that  the  orelxxiy 
in  that  case  would  have  to  be  *  covered  by  a  few  tens  of  feet  of  gravt*!, 
moraine,  or  other  similar  shallow  cover  '.  He  also  said  that  *  in 
Hweden  certain  valuable  lenses  of  auriferous  copper  sulphides  and 
certain  iron  bodies  had  been  traced  or  located  successfully  under 
shallow  cover '.  This  statement  is  misleading.  In  the  first  plact' 
it  is  not  a  question  of  *  certain  valuable  lenses  ',  but  of  a  large 
number  of  orebodies,  some  of  which  are  very  big.  FurthtT,  tlirn* 
is  no  question  of  *  auriferous  copper  sulphides  '  only,  but  of  a  large 
variety  of  orebodies  of  varying  composition.  Again,  the  *  shallow 
cover  '  over  some  of  the  orebodies  located  has  been  between  60-100 
ft.,  and  in  one  instance  165  ft.  The  greatest  depths  at  which 
actual  orebodies  have  been  located  by  geoelectrical  work  in  Sweden 
and  Norway  is  600  ft. — not  under  covers,  as  described  by  Mr. 
McPherson,  but  under  barren  rock.  Iron  orebodies  with  no  (mt- 
crop  at  the  bedrock  surface  have  been  found  in  Sweden  dunng  the 
last  three  years  by  diamond-drilling  on  geophysical  anomalies  at 
depths  to  the  upper  boundary  of  the  orebody  of,  for  mstance,  325  ft. 
(a  workable  ore),  at  500  ft.  (a  large  orebody)  and  at  700  ft.  (a  very 
l)ig  and  valuable  orebody). 

Mr.  McPherson  also  said  that  he  *  did  not  know  of  any  ordinary 
type  of  orebody  containing  only  lead  and  zinc  sulphide  minerals 
occurring  under  normal  conditions  in  which  the  orebody  could  be 
definitely  located  by  geophysical  methods  '.  It  is  true  that  pure 
zinc  sulphides  have  no  electrical  or  magnetic  propertic^s  that  differ 
from  '  normal '  country  rock.  Their  density  is  comparatively 
high,  however,  and  in  one  case  in  Sweden  during  the  last  war  a 
zinc  ore  was  located  by  a  drill-hole  on  a  gravimeter  anomaly.  Lead 
sulphides,  on  the  other  hand,  are  extremely  good  electrical  con- 
ductors— and  for  that  reason  many  lead-zinc  ores  are  electrically 
cimducting,  in  part  or  throughout  their  whole  mass.  Thus,  in 
Sweden  the  zinc-lead  ore  of  Ammeberg,  Stollberg,  and  Gruvberget, 
for  instance,  give  definite  electrical  anomalies  (with  the  inductive 
method).  In  a  paper  published  in  1938  I  have  shown  an  example 
of  *  phase  anomalies  '  which  were  caused  by  very  thin  lodes  of  ponv 
lead-zinc  mineralization  under  a  cover  of  moraine.    Among  zinc- 
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lead  ores  that  have  been  located  by  geoelectrioal  work  in  Sweden 
are  E.  Hogkulla  ( only  lead  and  zinc ),  Gr&nsgruvan  ( lead-zinc  with 
very  little  pyrite)  and  Bavlidmyran  (14  per  cent  Zn,  4  per  cent 
Pb  and  about  0*1  per  cent  Cu). 
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expiessed  in  any  of  its  publications. 

FURTHER  CONTRIBUTED  REMARKS  ON 

Recovery  of  Sulphur  from  Smelter  Gases  by  the 

Orkla  Process  at  Rio  Tinto* 

By  H.  R.  Potts,  Member,  and  E.  G.  Lawford,  Member 

Mr.  A.  V.  Bradshaw  :t  Owing  to  the  decline  in  the  use  of  tlie 
blast  furnace  for  smelting  copper  ores,  there  has  been  little  published 
on  this  subject  in  recent  years  ;  thus  this  paper,  which  supplies  such 
informative  data  on  both  plant  and  practices  is  most  welcome.  Much 
repetition  w^ould  result  were  I  to  give,  as  the  authors  suggested,  a 
complete;  description  of  the  plant  of  Mason  and  Barry,  Ltd.,  at 
S.  Domingos,  Portugal,  since  in  many  respects  the  two  plants  an» 
very  similar.  I  will,  however,  give  a  brief  description  of  the 
pnncipal  differences,  in  the  respective  plants. 

At  S.  Domingos  there  are  two  furnaces  designed  for  the  Orkla 
process.  No.  1  furnace,  which  smelts  150  terns  of  pyrites  per  day,  was 
l)lown  in  for  the  first  time  during  October,  1934,  and  is  described 
in  greater  detail  hi  what  follows.  No.  2  furnace  smelts  100  tons 
of  pyrites  per  day  and  was  tirst  blown  in  as  a  sulphur  producer  in 
July,  1946  ;  this  is  simply  a  smaller  edition  of  No.  1  furnace. 

The  furnaces  differ  from  the  convcmtional  type  in  that  the  ends 
are  boshed  and  the  outlet  spout  is  in  the  centre  of  one  side  of  the? 
furnace  crucible.  Above  the;  furnace  crucible — wliich  is  not  watrr- 
cooled — are  suspended  two  tiers  of  water  jackets  bolted  togt^ther. 
Prior  to  *  blowhigin  \  the  upper  jackets  are  lined  with  tire-brick  and 
the  lower  jackets  are  lined  with  ordinary  red  brick.  Tliis  brickwork 
is  soon  tiux(id  away,  but  time  is  allowed  for  the  formation  of  a 
protective  slag  coating,  reducing  local  overheating  and  abrasion 
from  the  falling  charge  during  the  initial  stages  of  a  fresh  campaign. 
The  lower  jackets  last  at  least  three  years  and  the  upper  six  years. 
The?  matte  and  slag  run  into  movable  forehearths  of  about  90-cu.ft. 
rapacity,  which  are  lined  with  a  mixture  of  silica  clay  and  sand.  The 
furnace;  crucible  is  similarly  lined.  Although  the  forehearth  lining 
lasts  only  a  couple  of  months  it  is  a  simple  operation  to  change  and 
reline  a  settler  and  this  is  found  more  economical  than  using 
luaj^nesite  bricks.  Chrome  bricks  are  used  for  the  tap-holes  of 
both  the  furnac(}  and  forehearth. 

Then^  are  two  hot  Gottrell  chambers  for  No.  I  furnace,  t-ach 
with  a  cross-sectional  area  of  8-8  sej.m.  The;  volume  of  gases 
passing  equal  274  cu.m./min.  at  380*^0.  and  the  gas  velocity  is 
0-6  m./sec.  (2  ft. /sec).  At  times  precipitation  is  impaired  by  the 
condensation  of  a  layer  of  arsenical  sulphur  on  the  electrodt?s, 
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Tablb  X 

No.  1  FUBNAGK  DkTAIL 

Nu.  of  charging  bolLs 3 

Height  from  bottom  of  bells  to  floor 23  ft. 

No.  of  top  jackets 12 

Width  at  top  of  jackets 5  ft.  9  iu. 

Length  at  top  of  jackets 17  ft.  7  in. 

Area  at  top  jackets 101.5  sq.  ft. 

No.  of  lower  jackets 12 

Width  at  tuydres 3  ft.  3i  in. 

length  at  tuyeres 16  ft. 

Area  at  tuyeres  (hearth  area) o2'5  sq.  ft. 

No.   of  tuyeres 30 

Tuyere     diameter 3  in. 

Tuydre     area 1-47  sq.  ft. 

Height  of  upper  jackets  (perpendicular) 3  ft.  3^  in. 

Height  of  lower  jackets  (boshed) 7  ft. 

iioshangleof  side  jackets 77*^  35  it. 

Bosheuigleof  end  jackets 81**  43  ft. 

Area  at  top  of  furnace/hearth  area 1*94 

Heeu*th  aroa/tuy6re  area 35*6 

Tons  mineral /sq.  ft.  hearth  area /day 2*81 

Tons  burden/sq.  ft.  hearth/day 4*14 

which  builds  up  and  eventually  causes  a  Hash  over.  'Phis  is  remedied 
by  closing  the  gas  valves  and  opening  up  the  Cottrell.  With  the 
admission  of  air  this  arsenical  sulphur  is  burnt  out. 

No.  1  furnace  cooler  consists  of  water-filled  tubes,  around 
which  the  gas  flows.  The  cooler  surface  of  817  sq.m.  represents 
2*15  sq.m.  per  ton  of  mineral  smelted  per  24  hr.  or,  expressed  in 
anothc^r  way,  21  cu.m.  gas  measunnl  at  N.T.P.  are  cooled  per  sq.m. 
of  cooler  surface  per  24  hr.  Tin?  gases  are  cooled  from  370°C.  to 
155^C.  and  steam  is  produced  at  50  lb./><q.in.  The  Rio  Tinto 
cooler  appears  slightly  more  efficient,  but  this  is  probably  due  to 
working  at  two  pressures.  The  authors'  statement  that  the  S. 
Domiiigos  type  of  cooler  is  better  for  precipitating  sulphur  mist, 
ih  not  born«*  out  by  tests,  since  in  our  process  only  about  40  per 
cent  of  th(i  total  sulphur  comes  from  the  cooler.  1  should,  however, 
iniHgine  that  there  is  less  possibility  of  choking  due  to  dust  accumula- 
tion than  in  the  fire-tube  boiler. 

There  is  one  sulphur  Cottrell  on  No.  I  furnace  of  3'8  sq.m.  cross- 
S(»ction.  The  gas  volume  is  178  cu.m./min.  at  150*^0.  and  gas 
velocity  is  0-7H  \n./nvv.,  or  2-5  ft. /sec.  The  current  flowing  varies 
between  80  and  40  milli-amp. 

iSuIphur  refining  is  carried  out  continuously.  The;  crude  sulphur 
is  pumped  to  the  top  of  a  vertical  tower  and  cascades  over  a 
srrics  of  trays,  coming  into  contact  with  milk  of  lime  (40  g.CaO/1.) 
which  is  injected  with  steam  into  the  lower  portion  of  the  tower. 
Th»»  sulphur  then  passes  to  the  horizontal  washer,  where  it  flow.s 
count(?r  current  to  the  milk  of  lime  which  has  entered  the  other 
I'lid  of  th(*  washer  from  th(»  top  of  the  vertical  tower  ;  mixing  is 
assisted  by  a  rotating  shaft,  to  which  are  attached  ccmcavo  paddles. 
The  wastes  lim<»  licjuors  are  discharged  and  the  sulphur  passes  to 
thti  filters.     \V Ashing  is  carried  out  at  28  Ib./sq.  in.  pressure.    The 
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liiiio  cousumud  is  88  kg.  per  ton  of  refined  sulphur  produced. 

There  are  two  sulphur  filters  working  in  parallel.  Each  iiltur 
consists  of  two  concentric  steam-heated  cylinders  11  ft.  6  in.  high. 
Tho  inner  cylinder  is  perforated  and  is  covered  with  an  asbestos 
cloth.  Washed  sulphur  enters  the  3-in.  space  between  the  cylinders, 
passes  through  the  asbestos  cloth  and  leaves  from  the  centre, 
whence  it  is  pumped  to  deposit.  The  filters  are  cleaned  by  lifthig 
off  the  outer  cylinder  and  scraping  the  cloth.  This  is  usually  done 
onvv  a  week  after  filtering  about  125  tons  of  sulphur.  We  have 
also  suffered  similar  trouble  to  that  described  when  thin  imperme- 
able residues  are  formed  which  contain  up  to  14  per  cent  lead. 
Filter  cloths  usually  last  for  about  one  year  and  filter  6,000  tons  of 
sulphur.  The  washed  and  filtered  sulphur  contains  0-06  per  cent 
arsenic  and  0-04  per  cent  ash.  A  typical  daily  charge  of  No.  1 
furnace  is  given  in  Table  XL 

The  ratio  of  concentration  copper  in  matte  to  copper  in  mineral 
is  2-9  :  1.  The  overall  sulphur  recovi^ry  over  the  last  four  years 
averaged  58-5  per  cent. 

Experience  here  confirms  the  authors'  remarks  on  the  necessity 
(»f  having  an  acid  flux  with  a  high  available  silica  content  as  well  as 
the  advantage  to  be  gained  in  using  a  sized  charge.  At  S.  Domingos 
gossan  is  used  as  a  siliceous  flux  on  account  of  its  precious  metal 
content  but  in  several  instances  when  pure  silica  only  was  uscul  an 
improvement  in  the  sulphur  recovery  was  observed.  In  addition 
to  the  difl&culty  of  obtaining  a  satisfactory  focus  with  an  impiu*e 
silica,  the  ferric  oxide  present  is  reduced  by  carbon  or  carbon 
monoxide,  leaving  lesH  carbon  available  for  the  reduction  of 
sulphur  dioxide.  Our  normal  practice  was  to  smelt  ore  direct  from 
the  mine,  large  pieces  being  broken  by  hand  :  recently,  however, 
we  have  been  smelting  sized  mineral  plus  2  minus  6  in.  and  this 
has  resulted  in  an  improvement  in  recovery  of  from  2  to  8  per  cent. 
There  has  also  been  a  reduction  in  the  blast  pressure,  probably 
due  to  absence  of  fines  in  the  charge,  which  would  segregate*  and 
cause  an  uneven  distribution  of  gas  in  the  furnace  shaft  and 
therefore  reduce  the  contact  time  between  the  sulphur  dioxide  and 
carbon. 

If  furnace  design  is  at  all  important  one  would  have  imagin<'d 
that  the  wider,  more  heavilv  boshed,  No.  6  furnace  would  have 
shown  different  results  from  the  narrower  ones.  Are  there  anv 
ligures  available  showing  the  relative  performances  of  th*'s<' 
furnaces  ?  Owing  to  the  heavier  boshing  of  No.  6  furnace,  and 
hence  the  lower  relative  speed  of  the  gases  in  the  furnace  shaft,  it 
would  have  appeared  desirable  to  drive  it  faster  than  Nos.  4  and  5, 
whereas  the  tonnage  smelted  per  sq.  ft.  of  hearth  area  is  apparently 
lower. 

The  authors'  statement  that  there  is  no  dissociation  of  pyrites 
by  heat  beyond  thn  stage  Fen8n^-I  is  in  contradiction  to  Peters 
and  the  older  authorities.  This  assumption  certainly  helps  to 
account  for  the  large  amount  of  carbon  necessary  in  the  Orkla 


74      U.  R.  POTT8  AND  B.  G.  LAWFOBD  :   UECOVUKY  OF  BULPHUB  TBOW 


X 

u 

•J 

< 


0 

1 

"^ 

1 

« 

>       1 

• 

1 

< 

1 

1 

1 

s- 

Ci 

• 

^ 

T 

1        1 

X 

mm 

>** 

1 

>       1 

1 
1 
t 

I'" 

1 
1       1 

Si 

1 

1 

1 

1 

1 

• 

^ 

1 

1 

1 

1 
1 

1 

• 

0 

ir. 

^ 

( 

VI 

^ 

C 

1 

'       1 

1 

■ 

'N 

t- 

k 

t 

i 

Si 

ji. 

' 

1 

1 

• 

1 

&4 

1 

1 

1 

^ 

> 

1^ 

2 

^ 

1 

<" 

• 

1 

1 
1 

• 

1      « 

• 

.          1 

N 

o 

1 

1 

1 

c 

• 

1^ 

» 

1 

1 
1 

1 

1 
1 

1 

O 

_ 

1 

« 

) 

7i 

1 

o 

• 

.           I 

c^ 

1 

. 

• 

1^ 

> 

b 

t 

1 

1 

?: 

< 

M 

. 

c 

■ 

'-\ 

-? 

1         X 

c 

. 

• 

1 

i» 

" 

t-- 

1 

«   a 

^w« 

CC 

> 

x 

*^ 

! 

1 

r: 

C 

1         C 

n 

? 

1 

•  < 

— 

1^ 

■  ■ 

1  '^ 

'T 

2 

1^ 

• 

1 

1 

1 

-1^ 

r: 

m 

1      -r 

1 

w 

"t 

4 

■^*' 

* 

^<" 

C^J 

" 

•  • 

r: 

^« 

_ 

•^» 

• 

« 

« 

■ 

• 

• 

^ 

s 

w 

•»• 

C 

•^ 

^ 

r; 

X 

X 

0 

5; 

»^ 

r: 

«": 

"^ 

t. 

:3 

J3 

a 

^ 

3 

1 

>          N 

c 

-5 

§ 

W 

t 

1                ^i 

■4- 

a 

•^ 

4^ 

<b 

2 

/• 
» 

£ 

od 

1    •? 

1 

ca 

"    5 

1   1 

(1^ 

0 

P    c 

1        hJ 

:§ 

e 

S 

5c 

1     Q 

0 

as 

1 

8MELTBR  OABE8  BT  THE  OBKLA  PRO0E8S  AT  RIO  TINTO — CON.  REM.   75 

process,  since  the  formation  of  Fe,  FeS  would  result  in  the  produc- 
tion of  much  more  volatile  sulphur  and  much  less  sulphur  dioxide. 
In  the  experiments  referred  to,  what  was  the  maximum  temperature 
to  which  the  pyrites  was  heated,  and  was  the  sulphur,  distilled  off 
in  the  early  stages  of  heating,  removed  ?  Since  we  know  that  the* 
matte  does  not  contain  sufficient  sulphur  for  all  the  iron  to  be  as 
FeS  and  therefore  even  less  if  it  is  as  Fe^Sg,  presumably  the  Fo^Sj, 
combines  with  FeO — 

SFe^Sg  +  2FeO  =  23FeS  +  SOg. 
The  concentration  of  copper  obtained  in  the  Orkla  process  is 
very  low  and  is  due  to  the  relatively  high  amount  of  coke  on  the 
charge  and  low  amount  of  blast  per  ton  of  pyrites.  PVom  Table  I 
and  the  subsequent  figures  in  the  authors*  paper,  the  principal 
sulphur-producing  reactions  in  the  Orkla  process  may  very 
api)roximatelv  be  summarized  as : 

SFS-Sg  +  80-502  +  19-''>^  =  14FeO  +  4SO2  +  IQ-SGOg  +  GSo 

(Slag) 

+  Fe,S8 (1) 

(Matte) 
(The  sulphur  produced  by  direct  distillation,  the  formation  of 
COS  anci  CS2  and  the  percentage  of  COg  escaping  unredncod  from 
rh<»  focus  havi'  not  been  considered.) 

From  this  reaction  it  is  obvious  that  any  increase  in  carbon 
without  an  increase  in  the  blast  per  ton  of  ore  smelted  will  cause  a 
decrease  in  the  concentration  and,  furthermore,  there  is  a  definite 
limit  to  the  amount  that  can  be  added.    For  example  : 

SFe^Sg  +  30-502  +  24-5C  =  12-48FeO  +  24-02CO2  +  0.48CO  + 

T-lSSj  +  l-22Fe7S8 (2) 

Since  equihbrium  conditions  are  not  always  attained  in  the 
furnace,  some  carbon  sulphur  compounds  are  formed  prior  to  the 
complete  reduction  of  SOg.  If  the  concentration  is  to  be  main- 
tained then  it  can  be  calculated  that  approximately  60  cu.m.  of 
extra  air  is  required  for  each  increase  in  the  carbon  content  of  1  per 
cent  on  the  mineral.  Even  so  there  is  a  limit  to  the  amount  of 
carbon  that  can  be  added.  On  the  other  hand  an  increase  of  83 
per  cent  in  the  volume  of  air  and  50  per  cent  in  the  amount  of 
carbon  over  reaction(l)  will  produce  : 

3Fe7S«  +  40-2502   +  28-50   =  17-5FeO   +  SSOg   +  2H.5C()., 

+  8.5S2  +  0-5Fe7S8 (3  J 

All  these  equations  presuppose  that  there  is  suflici{*nt  free 
silica  at  the  focus  to  combine  with  the  FeO.  Preliminary  tc^sts 
here  indicate  that  a  higher  concentration  can  be  obtained,  but 
since  our  blowing  capacity  is  limited  this  results  in  a  lower  through- 
put and  lower  production.  Greatly  increased  blast  pressures  were 
observed,  also  the  furnace  ran  very  full  with  high  gas  temperatures, 
and  it  seems  that  to  obtain  a  liigh  degree  of  concentration  a  taller 
furnace  is  desirable. 

As  can  be  seen  from  the  equations  given  gas  analyses  are  only 
satisfactory  as  a  check  on  recovery  if  the  quantity  of  gas  per  ton 
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(if  ore  and  the  sulphur  lost  in  the  matte  per  ton  of  ore  is  taken  into 
ronsidoration.  At  8.  Domiiigos  flow  measurements  of  the  sulphur 
running  from  the  cooler  and  Cottrell  are  taken  hourly  as  a  check 
on  the  recovery. 

The  most  economical  percentage  of  carbon  used  will  obviouslj 
(InptMid  largely  on  local  conditions.  At  8.  Domingos  current 
practice  is  to  use  6'9-7*4  per  cent  C  on  the  mineral  (8-8'5  per  cent 
c»)k<^).  If  all  extra  coke  added  was  to  bo  converted  to  carbon 
monoxide  prior  to  reducing  any  SOg,  then  allowing  for  10  per  cent 
of  ('Go  formed  at  the  focus  to  escape  unreduced,  790  kg.  0  should 
1)0  required  per  ton  of  sulphur  reduced.  However,  when  the 
volume  of  gases  per  ton  of  ore  is  taken  into  account,  Table  III,  in 
the  authors'  paper,  shows  that,  by  increasing  the  carbon  from 
0*1  per  cent  to  7-83  per  cent,  between  1*6  and  2'1  tons  of  carbon 
are  rt^quired  for  each  ton  of  sulphur  loss  in  the  waste  gases,  the 
exact  figure  depending  on  whether  the  carbon  in  the  limestone  is 
included  in  the  figure  giving  carbon  charged  per  ton  pyrites.  On 
increasing  the  carbon  to  10-4  per  cent  it  is  evident  that  the  total 
suJphur  lost  in  the  waste  gases  is  much  greater.  It  w(mld  Ix^ 
intt^festing  to  know  the  sulphur  lost  in  the  mattes  per  tern  pyrites 
for  each  period. 

The  calculation  of  the  relative  amounts  of  SOg  reduced  by 
carbon  and  carbon  monoxide,  the  latter  being  formed  by  burning 
carbon  at  the  focus,  can  at  the  best  be  but  very  approximate.  The 
p«?rcentage  CO2  which  escapes  unreduced  from  the  focus  will  greatly 
intiuence  the  results,  depending  on  the  contact  time  between  the 
gases  and  the  carbon  at  various  temperatures.  The  exact  quantity 
of  carbon  in  and  the  temperatures  of  the  various  zones  in  the 
furnace  can  only  be  roughly  estimated,  but  it  is  diliicult  to  envisage 
a  contact  time  greater  than  0-2  sec.  at  a  temperature  above  r200^C. 
nnd  0-4  sec.  between  1200'  and  OOO^^C.  If  these  times  are  correct 
then  it  is  probabltJ  that  considt;rably  more  COj  than  that  calculated 
Hscapes  mireduced. 

It  is  well  known  that  charcoal  reduces  CO2  more  rapidly  at 
lower  t  t*mperatur(^s  than  coke.  Might  not  charcoal  also  reduce 
S()2  more  elficiently  than  coke.  During  thi<  war  much  charcoal 
was  used  at  S.  Domingos  and  the  results  were  not  unsatisfactor}-. 
In  1945,  10-05  per  cent  charcoal  and  0*58  per  cent  coke  were  u.^ed, 
giving  an  overall  sulphur  recovery  oi  59-71)  per  cent.  Subsequent 
tt»sts  using  charcoal  have  not  enabled  hij^h  recovi*ries  to  he  obtained, 
but  1  think  this  is  due  to  the  poor  quality  of  Inter  supplies,  some 
containinj^  up  to  80  per  cent  ash.  Have  the  authors  any  expi^rience 
of  using  cliurcoal  at  Hio  Tint(»  ? 

The  writer  desints  to  acknowledge  the  courtesy  of  the  directors 
of  Messrs.  Mason  and  Barry,  Ltd.  in  allowinjjj  details  of  their 
})ractic«'  to  1)«*  [>ul)lishe(l.  as  these  have  not  previously  ap])eared  in 
))rint . 
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Radium  and  Radon  for  Indus- 
trial Radiography 

The  Ministry  of  Supply  wishes  to 
make  known  to  industry  that  the 
Qoveniment-owned  Radiochemiccd 
Centre  at  Ameroham  can  now 
accept  orders  for  radiiun  and  radon 
as  sources  of  ganuna  rays  for  use  in 
industrial  radiography. 

Radiography,  which  is  the  most 
versatile  of  all  non-destructive  test- 
ing techniques,  makes  use  of  the 
penetrating  power  of  electromagnetic 
radiations  of  very  short  wavelength. 
The  two  main  types  of  such  radiation 
are  X-rays  and  gamma  rays.  The 
penetrating  power  of  ganuna  radia- 
tion is  comparable  with  that  of  the 
most  powerful  X-ray  apparatus  at 
present  available  for  industrieJ  radio- 
graphy. For  some  industrial  pur- 
poses gamma  radiography  may  be 
the  more  convenient  or  only  prac- 
ticable method. 

As  in  the  case  of  X-radiography 
the  successful  use  of  gamma  radio- 
g^phy  requires  trained  st-afif,  com- 
petent t-o  interpret  radiographs,  and 
familiar  with  the  sperial  precautions 
necessary  against  occupational 
hazards.  Su  far  as  is  known  tlio 
Kodak  School  of  Engineering  Radio- 
graphy, Wealdfltono,  Harrow,  Mid- 
dlesex, is  the  only  institution  offering 
training  at  present,  but  the  Ministry 
of  Supj)ly  is  making  enqiiirii'«  from 
the  Ministry  of  Kducation  reganiing 
the  possibility  of  courses  being 
startiid  elst'where. 

In  gencTal,  the  associated  equip- 
ment is  simple  and,  if  proporly 
designed,  is  safe  to  haudl<\  The 
80iu*ce  of  radiation  is  compact,  so 
that  the  equipment  is  exti-enicly 
rnobil«.».  It  <?an  frcqu(!ntly  be  made 
by  the  us<;r  firm. 

The  Ministry'  of  Supply  Ra«iio- 
chemical  Centre  at  Amcrsham  sup- 
plies radium  and  radon  for  industrial 
use.  Applications  should  be  jKldn.^ssed 
to  The  Radiochemical  Centre,  White 
LionRotid.  xArncjrsham,  Bucks.  (Tele- 
phone :  Little  Chalfont  2278^-9), 
with  a  detail  sjKHufication  of  the 
ca]isule  required.  Consultation  with 
the  Centre  will  Ih?  necessary  to 
ensure  that  t<.»chnical  rt^quirenients 
are  met. 


Radium  (which  is  best  suited  to 
factories  and  foundries  where  there 
is  a  continuous  flow  of  radiographic 
work)  is  supplied  only  on  hire  for 
periods  of  not  less  than  six  znontlis. 
Capsules  containing  60  mg.  and 
250  mg.  of  radium  are  in  conunon 
use  and  the  present  rentals  for  these 
are  £11  5s.  Od.  and  £56  5s.  Od. 
respectively  per  annum.  The  radium 
remains  the  property  of  the  Bfinistry 
of  Supply  and  is  not  transferable  by 
the  hirer.  The  hirer  is  also  required 
to  pay .  the  cost  of  fabrication  and 
testing  of  the  radium  and  its  con- 
tainer at  present  averaging  £20  for  a 
50-mg.  capsule  and  £100  for  a 
250-mg.  capsule.  The  average  time 
needed  to  fulfil  an  order  for  radium 
is  two  months. 

Radori  is  sold  outright.  Typical 
present  costs  are  :  £15  for  a  250- 
millicurie  source,  £20  for  500  milli- 
curies,  and  £25  for  750  millicuries. 
One  week*s  notice  of  an  order  is 
required. 

Demonstrations  of  gamma  radio- 
graphy can  be  seen  without  charge 
by  appoijitment  with 

(i)  The  Super int<3n(ient  of  Radio- 
logy Research,  Ministry  of  Supply, 
Armament  Research  Establishment, 
Woolwich,  London,  S.E.  18  (Tele- 
phono  :    Woolwich  2044.    Ext.  129), 

or  (ii)  The  Director,  National 
Physical  Laboratory,  Teddington, 
Middlesex  (Telephone :  Molosev 
1380). 

Advice  on  the  suitability  of  pro- 
posed applications  of  radiography  in 
industry  may  be  obtained  without 
chargt;  from  tlio  ^Vrmament  Research 
Establishment  and  the  National 
Physical  Laboratory. 

The  Armament  Research  Estab- 
lishment mav  also  be  consulted  bv 
iiidustriiUists  for  a<ivice  on  the  prin- 
ciples of  radiograph  interpretation. 

Correction 

In  the  report,  of  the  Amiiial 
General  Meeting  published  in  the 
July  BuUetin,  Mr.  S.  H.  Ford  in  his 
statement  on  the  Benevolent  Fimd 
is  reported  to  have  said  *  cash  in 
hand,  in  the  Bank  and  in  the  Post 
Oflice  is  down  by  £50  \    The  figure 
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he  actually  gave  was  £270,  the 
fiKures  for  1947  and  1948  being, 
i-espectively,  £2,136  Us.  4d.  and 
£1,866  7s/ 4d.  The  error  is  much 
regretted  as  it  lessened  tho  force  of 
Mr.  Ford's  appeal  for  funds  by 
making  the  position  appear  much 
lees  serious  than  it  is. 

Meetings  in  the  Session  1949-1950 

General  Meetings  of  the  Institu- 
tion during  tho  P'ifty-Ninth  Session 
will  be  lield  on  the  third  Thtirsday 
in  oa<;h  month  from  Octobor,  1949, 
to  June.  1950.  The  dates  of  the 
Meetings  ai*e  as  follows  : 

20th  October,  1949 
17th  November,  1949 
ir)th  December,  1949 
19th  January,  19")0 
16th  February,  1950 
16th  March,  1950 
20th  April,  1950 
18th  May,  1950 
15th  Jnm\  1950 

Members  from  Abroad 

The  Coimoil  arc  always  anxious 
to  iiieot  members  who  come  to 
England  after  a  long  abscjico  abroad, 
and  ask  such  memlxM-s  to.  make 
themselves  known  to  the  Secretary 
when  attonding  General  Meetings 
of  the  Institution  at  Burlington 
House. 

Institution  Awards 

*  The  Consolidated  Gold  FieMs  of 
South  Africa,  Limited  *  Gold  Medal 
and  Premium  of  Forty  Guineas  are 
awarded  jointly  or  separately  by  the 
CoiUKril  of  the  Institution  for  the 
])aper  or  papers  of  highest  merit 
contributed  to  the  Tranwicthnu 
during  each  Session,  or  for  researches 
on  th(»  occuri'once.  miniTig,  or  treat- 
ment of  minerals.  The  Council  shall 
be  satisfied  that  the  papers  or 
resean^luis  are  of  sufficient  merit  to 
justify  the  award. 

Two  prizes  of  Ten  Guiiieas  each 
*irc>  offered  annually  for  papers  con- 
tributeil  to  tho  Tranwictiofu*  by 
Students  of  the  Institution,  provided 
that  tho  papers  are,  in  the  opinion  of 
the  Council,  of  sufficient  merit  to 
justify  an  award. 

Papers  for  tho  consideration  of 
the  Publications  Committee  should 


be  sent  to  the  Secretary,  if  possible 
in  duplicate,  and  should  be  prefaced 
by  a  summary  of  contents.  It  is 
miderstood  that  all  papers  submittcnl 
are  original  commmiications  unless 
distinctly  stated  to  be  otherwise,  in 
which  event  exact  reference  should 
be  ma<le  to  any  previous  publication. 
Figures  illustrating  papers  should 
be  drawn  in  ink,  suitable  for  direct 
reproduction  in  a  reduced  size,  and 
lettering  on  drawings  should  l>e  in 
ordinary  pencil.  If  there  are  photo- 
graphic illustrations,  prints  on  glossy 
paper  should  be  sent ;  it  is  not 
necessary  to  send  negatives. 

Candidates  for  Admission 

T/w  t'ouwil  tPflfomf  finnmHnicntions  to  a^.tixt 
them  in  dffiding  wfuthfr  the  qualifications  of 
candidates  for  admission  into  the  Institution  fulfil 
the  requirements  of  the  Bye-laws.  The  appli- 
cation forms  of  candidates  {other  than  those  for 
Studentship)  vili  be  open  for  inspection  at  the 
office  of  the  InMitittion  for  a  period  of  at  least  tvco 
months  from  the  date  of  the  HuUctin  in' which  their 
applirations  are  announced. 

The   following   have   apphed    for 
transfer  since  14th  July,  1949  : 

To  Membkrship — 

Thomas  Haden  {Bulawayo,  iSoiUhtni 

Rhodesia). 
Gilbert  Frederick  Hatch  {JohattncH- 

burtj^  Transvaal). 

To  Associate  Membership — 

NVilliam    John    Albomo    {Konoriffo, 

Gold  CooHt). 
Peter  Alexander  Nicholls  {Tarkwa^ 

OoUi  Coast  Colony), 
Moda  Nagesa  Rao  {Champion  Iie*/«, 

Southern  India). 
Gerald  Derek  Sheridan  (Avoca^  Eire), 

The    following   have    applied    for 
admission  sin(;e  14th  July,  1949  : 

To  Membership — 

Statrey     Cioorge    Ward     {Kdgbastijti^ 
Birmingliam ,  Warwick ffh ire ) . 

To  Associate  Membership — 

William  Da  vies  {Sheffield^  Yorkshire), 
John  Hogg  {Airdrie,,  Lanarkshire), 
Thomas    Arthur    Waller    {Krugers- 
dorp,  Transvaal). 

To  Affiliateship — 

George     Furnace     Brown     {Huelva, 
Spain). 

To  Studentship — 

William    Edward    Cliff    (C'a/;t6oi74C, 
Cornwall), 
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Alan  By  Nicholls  (Camborne,  Coni- 

vxUl), 
Brian    Harry    CuIo«    ^Vat■tT.s    [Cain- 

bridge). 

Transfers  and  Elections 

'I'hc  ioIlowiii>;  wcrci  transfrrrpd 
(Rtihject  tn  conHriiiation  in  acotwd- 
anoo  with  the  Bye-laws)  on  (ith 
July,  1049: 

To  Mkmbekshii* 

Kaoul     G  list  in     Bergman    [Paagou- 

incriCj  New  Caletloniu). 
.lolni  A*Ck)iirt  Bcrgne  (Ureat  Miftmni- 

fUti,.  Buckingha  mMrt ) . 
.lolin  Cl<.H)rge  Berry  {Ohnfsila,  Tndin). 
Robert  Pitman  Hooper  {Broken  Hill, 

N.S.W..  Aiistralia). 
OnstAV  Anthony  Sehuelhnann  {Kgrc- 

moniy  (.'umherland). 
pHtri(.'k     Francis     Whelan     {Brinlol, 

iiloucestertth  in: ) . 

To  AssociATK  Mkmbeiwhip — 

DonaM  Campbell  Hitchings  {Brigh- 

t'/fif  Sunnex). 
John   Francis  MuiTay   White  {Lon- 

do7i). 

The  following  wore  ole<;t<Hi  (Mub- 
jt'cl  to  confirmation  iii  accordaiici' 
with  th(<  conditions  of  the  Bye-law.s) 
on  6th  Jnlv,  iy49: 

To  Mkmbkrship    ■ 

Cloivion  Colvin  Lindcsay  Clark  (Mf.l- 

hou  rn  t.' ,  A  Uftf  ml  la ) . 
ho^iis  Lionel  (-olin  {V^ila  dc  M<niicu, 

r<>r(U'jmfC  I'ldst  Africn). 
Willinin  Kcid  {i'msMgah:;*,  FiJ(). 

To  Associate  MKMiiKHsnii' 
Kcrulci;ili      Kdmondson      (Jo/kihucs- 

hunj,  Tnnisvfi(d). 
Jolin  (Inllaway  {Haylr,  Cornwall). 
Ames      (!rr»slcy      Hellicar      {('fn''<frr, 

('lic>*hirc). 
Harry      lieymond     Miles     {Tarkmi. 

Cold  Const  Colon}/). 
Francis    Stark    {Oonjoum,    Soaflurn 

India). 

'J'o  Al  KILIATKSHn»     - 

Hnrolil  J)H\'id  Blackburn  {ScuxntHlv- 
upon  -  Ti/n<\  Xorfh  undn'rland). 

To  Stiountship — 

Kob(»rt    Kennie    Bell   {JnhannvMhunj, 

Tnnisvnid). 
\\'iJliajn      Bernard      Hall      {X'kann, 
Northern  Rhodc^tUi). 


Koimcth    Wright    Jackson     (Galc^- 

ficnd,  Co.  iMirham). 
Alan  Sinet*  {Bnrrowjord,  Lttncajuhirr). 
John      Henry      Warnock      {Kidder- 

minster,  Worcestershire), 

News  of  Members 

Mnuhtrx.  .\.i.v>ciuh:  Menf'nnt,  Affldat^x,  •oui 
Studtnt/f  nrtf  inrite\i  to  supply  the  s.cMtiry  irilh 
ptrxofial  nrwt  for  publieation  uniict  thi*  hea*iwy. 

Mr.  H.  J.  Alkxander,  Student,  has 
accept<Ml  a  post  witli  Mi^ssra.  Balfour, 
Beattio  &  Co..  Lt^.,  <m  tunnelling 
work  in  Scotland. 

Mr.  Ci.  W.  Bkllman.  StitdeiU,  it- 
i-eturning  to  England  from  South 
India. 

Mr.  R.  P.  Bkodie,  Asaocinic 
Member,  has  left  England  to  take  up 
a  position  with  Consolidated  Tui 
Mines  of  Burma,  Lt-d. 

Mr.  A.  T.  CLT.MA8,  Member,  is  in 
England  on  leave  from  the  Gold 
Coa«l  until  the  end  t>f  September. 

Mr.  W.  R.  Dkgknhardt,  Member, 
has  retirtvl  from  his  }K)8ition  t\f< 
mechanical  engintn^r  to  New  Consoli- 
dated Gold  Fields,  J^td.,  1>ut  is 
acting  for  tliat  company  in  a 
consultative  <'ai)acity. 

Mr.  1'^  A.  Foi.r.ows.  Student,  will 
be  returning  lo  England  in  JX»cembcr 
from  the  Transvaal. 

Mr.  E.  P.  H.AJ<(iRAVK.s,  Member, 
ha**  arrived  m  England  from 
Australia. 

Mr.  H.  L.  H.  HvuRisoN,  Mendnr. 
is  returning;  to  Malaya  this  month. 

Mr.  li.  (J.  Hkad.  A.s{tf>clat4^  Member, 
lias  recently  been  appointed  chicl 
engineer  in  charge  of  mine  planning 
and  design.  Mufulira  Cop]>er  Mines, 
Ltd. 

Mr.  K.  A.  KAWAii,  Student,  in 
leaving  England  for  Anunan,  Trans- 
Jordan,  this  month. 

Mr.  P.  (I.  LiNZKLi.,  Student,  ha^ 
l(^ft  A.O.  Xi^'cria,  Lt<l.,  to  take  u]i 
the  position  of  surveyor  for  Ashanti 
(iohllields  Cr)rporation,  Ltd. 

Mr.  K.  (.-.  McAdam,  Student,  has 
left  England  for  Southern  Rhodesia. 

Mr.  T.  H.  McLean,  Student,  hat- 
left  England  to  take  up  an  appoint- 
ment with  Central  Provinces  Man- 
ganese Oiv  Co.,  India. 

^Ir.  W.  E.  Sevikk.  Member, 
exi)ect.s  to  arri^  e  in  England  early 
u\  i^i^ij^toniber  from  British  Guiana. 
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Mr.  K.  J.  St*.  GEOKtiE,iS7Wen/,  han  director   with    an   engineering   and 

joined  the  staff  of  Koan  Antelope  foundry  combine  at  Benoni,  South 

Copper     Mines,     Ltd.,     Luanshya,  Africa. 
Northern  Rhodesia. 

Mr.    S.    J.    Venning,    Associate  Addresses  Wanted 

Meffiber,  has  relinquished  his  post  D.  S.  Broadhurst.     G,  C.  Morgan. 

as  rtniuction  inanagor  on  the  Groot-  J.  A.  Cocking.  A.  I.  Scott, 

vlei  Proprietary  mines  to  take  up  £.  Dickson.  A.  Sloss. 

the  position  of  assistant  managing  R.  B.  Hicks. 
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George  Carter  died  on  2nd  *Iuly,  1948,  at  tho  age  of  73.  He  received 
his  training  tit  tho  Minin^^:  Schools,  IVnzance,  and  the  Camborne  School 
of  Mines  from  1891  to  1893,  and  at  the  Koval  School  of  Mines  in  tho 
folloAving  year.  He  went  to  South  Africa  in  1895  on  obtaining  a  position 
at  Robinson  Gold  Mining  (.*o.,  Ltd.,  and  joined  Roodepoort  United  Maui 
R€«f  Cold  Mining  Co.,  Ltd.,  in  1898  as  cyanide  meuiagor  and  assayor.  H«* 
subsequently  trjuisferrod  to  Nourso  Deep,  Ltd.,  where,  from  1899  to  190'), 
he  row  from  assistant  sur\'eyor  to  head  surveyor.  Mr.  Carter  worke<l  for 
Nourse  IVIines,  Ltd.,  until  1910,  becoming  assistant  manager  in  the  last 
year  of  his  service,  and  in  1911  was  appointed  head  siu^'eyor  to  Ferroira 
Deep.  Lt<l.  Shortly  afterwards  he  joined  Transvaal  Gold  Mining  Estates, 
Ltd.,  tii"«t  in  the  poHititin  of  i-<»rtident  manager  to  Vaalh<M>k  mine,  and  later, 
from  1912  to  1914,  tis  resident  manager  of  Central  mines.  He.  was  then 
made  acting  general  maiuiger  to  the  Compcuiy  for  six  months,  eund  from 
1915  to  1917  resumed  his  positi(m  with  Central  mines.  Mr.  Carter  joined 
the  Royal  EngineerH  in  1917  and  luitil  1919  served  as  a  lieutenant  with  tho 
175  Tuimelling  Coy.  in  F" ranee.  On  <iemobilization  he  took  up  the  appoint- 
ment of  manager  of  the  Llanliarry  iron  ore  mine.  South  Wales,  for  the 
Glamorgan  Hematite  Iron  Ore  Co.,  Ltd.,  Cardiff.  He  retire<i  in  1945 
afU^r  sixteen  years  in  that  position,  and  went  to  live  in  Penzance. 

Mr.  C'lrter  was  elected  to  Membership  of  the  Institution  in  1916. 

Arthur  Delmar  Combe  die<i  suddenly  on  23rd  May,  1949,  at  the  age 
of  56.  He  was  born  in  Australia  and  received  his  training  in  economic; 
geolopy  at  tho  Sydru^y  Teclmical  College  from  1908  to  1913,  at  the  same 
time  attending  lectures  in  mining  and  surveying  at  Broken  Hill  Technical 
College  and  instruction  in  assaying  and  analysis  at  the  laboratories  of 
Messrs.  Pale  and  Cameron.  He  had  some  pra<;tical  and  general  under- 
ground exp«3rience  at  Broken  Hill  Jmiction  North  mine,  N.S.W.,  in  1912, 
and  worked  at  the  cyanidation  and  flotation  plant  at  Chesney  mine,  Cobar, 
in  1913.  In  1914  he  wais  employed  at  the  Mt.  Morgan  Gold  Mining  Co.  ancl 
the  Soutli  Clifton  colliery,  Scarborough,  N.S.W.,  and  in  1915  at  the  North 
Lyell  mine  of  Mt.  Lycll  Mining  and  Railway  Co.,  Tasmania.  He  returned 
to  New  South  Wales  in  1916,  and  during  the  next  throe  years  obtaine<l 
practical  experience  at  tho  Cireat  Cobar,  South  Blocks.  Junction,  New 
Burragorang,  Broken  Hill  South  and  Broken  Hill  Block  14  mines.  In 
1919  he  joined  Scotchmans  Gold  Mining  Co.  at  Stawell,  Vic,  and  subse- 
quently worked  for  Bondigo  Amalgamated  Gold  Mining  Co.,  New  R^d 
White  and  Blue  CouHolidated  Gold  Mining  Co.  and  Rose,  Thistle  and 
Shamrock  Gold  Mining  (!^o.  He  was  employed  for  two  months  by  Common- 
wealth Oil  Corporation  at  Newnes,  N.S.W.,  before  a  similar  short  period 
at  Seahani  No.  2  colliery,  West  Wallsend,  N.S.W. 

In  March,  1921,  Mr.  Combe  was  appointed  field  geologist  to  the  Geological 
Sur\'ey  of  Uganda,  and  remained  with  the  Survey  until  his  death,  when  lie 
held  the  ]>osition  of  aa^istant  <lirector. 

Mr.  Combe  was  elected  to  Associateship  of  the  luftliluUmv  \\\  \^*1^\, 
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Nathaniel  Malcolm  died  in  1048  at  the  age  of  53.  He  began  his 
professional  training  at  Otago  School  of  Mines  in  1914,  but  joined  up  on 
the  outbreak  of  weu*  and  left  New  Zealand  as  a  private,  eventufdly  gaining 
a  commifeion.  On  his  return  in  1919  he  worked  for  a  few  months  at 
Alexandra  Coal  Co.,  Ltd.,  and  Biackwater  Mines,  Ltd.,  New  Zealand, 
before  resuming  his  training  at  Otago,  which  he  completed  in  1921.  For 
a  brief  period  ho  worked  as  prospector  at  Red  Hills,  West  Coast,  and 
miner  at  Nightcaps  Coal  Co.,  Ltd.,  and  in  1922  left  New  Zealand  to  take 
up  the  position  of  sampler  to  Randfontein  Estates  GU)ld  Mining  Co.,  Ltd. 
He  was  transferred  to  the  poet  of  surveyor  in  1923,  and  to  shift  boss  in 
1924.  Two  years  later  he  was  appointed  manager  of  Luipaardsvlei  Farm 
No.  10  of  the  Coronation  Syndicate,  Ltd.,  Transvaal,  leaving  at  the  end 
of  1928  to  become  assistant  general  manager  to  Empress  Base  Metals, 
Ltd.,  Que  Que,  Southern  Rhodesia.  After  twelve  months  Mr.  Malcolm 
returned  to  the  Transvaal  as  mine  overseer  to  Government  Gold  Areas, 
Lt<l.  From  1930  to  1931  he  was  manager  to  Potgietersrust  Platinum 
Mines,  Ltd.  (Rustenburg  Section),  and  then  returned  to  Government  Gold 
Mining  Areas,  Ltd..  as  mine  overseer  and  acting  sectional  manager.  He 
lield  the  position  of  manager  of  Rustenburg  Platinum  Mines,  Lt><l.,  from 
1933  to  1941,  €iiid  then  took  over  the  managemont  of  East  Champ  d'Or 
Gold  Mining  Co.,  Ltd.,  until  1945. 

Mr.  Malcolm  was  admitted  to  Studentship  of  tlie  Institution  in  1920, 
was  elected  to  Associateship  in  1926  and  to  Mein})orahip  in  1937. 

Amos  Treloar,  J. P.,  died  on  25th  May,  1949,  in  Cheltenham  Nursing 
Home  at  the  age  of  71.  From  1891  he  was  trained  as  a  miner  and  ore- 
dresser  at  Wheal  Metal  and  'Flow  &  Fortune  mines,  Breaguo,  Cornwall, 
and  in  1903  became  manager  of  the  Breague  Valley  Minuig  Corporation 
mines.  Aft«r  three  yeara  he  took  up  the  appointment  of  cliief  tin  and 
wolfram  dresser  for  the  East  Pool  and  Agar  inuies.  He  wont  to  tlie 
Transv£ial  in  1910  as  manager  of  the  dressing  works  of  Rooiberg  ^finerals 
Development  Co.,  returning  two  years  later  to  the  post  of  instructor  in 
ore-dressing  at  the  Bessemer  Laboratory  at  the  Roj'al  School  of  Minos. 
In  1914  he  took  over  the  management  of  Wheal  Kitty  and  Penhalls  mines. 
Cornwall,  subsequently  becoming  manager  of  South  Polgooth  Mining 
Corporation,  and  in  1919  took  charge  of  Tyndrurn  lead  and  zinc  mines  in 
Perthshire  for  four  years.  His  subsequent  appointment  in  1923,  whicli 
he  held  for  over  25  years  until  his  death,  was  to  the  position  of  manager 
of  the  lead  and  zinc  mines  of  the  Vieillo  Montapn'*  Zin(;  Co.  at  Alston, 
Cumberland. 

Mr.  Treloar,  who  was  joint  author  with  Gurth  Johnson  of  a  paper 
contributed  to  the  Tranmctiona  of  the  Institution  entitled  '  The  separation 
of  tin  oxide  from  wolfram  '  (vol.  17,  1907-8),  was  elected  an  Associate  <»f 
the  Institution  in  1905  and  was  transferred  to  Membership  in  1025. 

Henry  Morley  White  died  on  Ist  July,  1949.  «t  the  Ruyal  Coniwoll 
Infirmary,  Truro,  at  the  age  of  71.  He  was  (»ducat<»d  at  Honielicld  House 
School,  Cambonie,  Cornwall,  an<l  in  1893  began  work  in  the  Cam  Brra 
and  Tincroft  mines  un<ler  his  father,  wliore  he  leanicd  sur\'<»ying,  and  also 
attended  Redruth  School  of  Mines.  In  May,  189H,  ho  obtained  a  position 
with  Messi-s.  John  Taylor  &  Sons  as  under  agent  at  the  Fortuna  mines  in 
Spain,  and  two  years  later  was  transferred  to  the  Linares  Lead  Mining 
Co.,  in  1903  being  advanced  to  the  position  of  chief  agent.  Mr.  \Miitc 
was  appointed  mine  agent  and  assistant  manager  at  the  C'ordoba  Copper 
Co.'s  mines  at  Cerro  Muriajio,  Spain,  in  1909,  where  he  remaine<i  mitil 
1919.  He  then  went  to  India  on  joining  Champion  Reef  (jold  Mining 
Co.,  Ltd.  He  was  appoinUid  chief  mine  agent  in  1920  and  in  1934  became 
su])erintendent  of  Champion  Reef,  continuing  in  this  position  until  liis 
ivtin'm<»nt  in  1945.  He  returned  to  live  in  Cornwall,  and  in  194S  was 
electe<l  President  of  the  Cornish  Mining  Development  Association. 
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Mr.  White,  who  served  as  Member  of  Council  for  India  from  1939  to 
1943.  was  elected  an  Aflwwiato  of  the  Institution  in  190'5  and  was  transferred 
to  Membership  in  1913. 


The  Council  regret  to  announce  the  death  of  Robert  Claude  Gibbs, 
Asfiocifite  Member^  on  1 0th  Juno.  1949  ;  and  Geoffrey  Musj^rave,  Memhfr, 
MomlxT  of  Council  for  Hhoflesia,  on  13th  July,  1949. 
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Oil  Shales  and  Shale  Oils.     By 

H.  S.  Belt..  New  York  :  D.  Van 
Nostrand  Co.,  Inc.  (London  :  Mac- 
millan  &  Co.,  Ltd.),  1948.  157  p.. 
Ulus.     228. 

This  American  book,  by  sum- 
marizing existing  information  on  oil 
shale  and  shale  oil  and  by  drawing  on 
present-day  practice  in  the  Anicrican 
coal-mining  and  oil-refining  indus- 
tries, pr^tents  a  picture  of  probabh^ 
methods  of  producing  shale  oil  from 
the  vast  deposits  known  to  exist  in 
that  continent. 

Tlio  economics  of  the  various  pro- 
cesses involved  are  also  reviewed 
from  the  rather  inadequate  informa- 
tion available. 

The  first  chapter  consists  of  an 
historical  review  of  shale  oil  pro- 
duction, notably  in  France  an<l 
Scotland,  but  the  industries  of 
Australia,  Manchuria,  Sweden  and 
Kfltonia  are  also  briefly  described. 

Oil  shale  mining  methods  em- 
ployed in  Scotland  fonn  the  basis 
of  another  section,  which  also 
includes  descriptions  of  modern 
American  coal  mining  machinery 
and  methods  whicli  might  be  used  in 
r)il  shale  mining.  Reference  is  also 
made  to  opencast  eoal  mining 
methods. 

In  view  of  its  importance  in  any 
shale  oil  industry,  the  section  on 
retorting  receives  inadc<juate  treat- 
ment. It  consists  prin<ipally  in  a 
fairly  detailed  descrription  of  Scottish 
and  Estonian  rot^)rting  methods,  but 
fails  to  mention  the  Westwood 
retort  of  the  S(!Ottish  industry  as 
indicative  of  most  n^cent  practice 
in  that  comitry.  Retorts  in  use  or 
projected  in  other  countries  are  also 
illustrated. 

In  the  oil  refining  section  most  of 
the  space  is  taken  up  with  brief 
desi-ript ions  of  petroleum  refining 
ef|nipment. 


Much  of  the  information  on  shale 
oil  production  is  derive<l  from  the 
papers  presented  at  th«*  1 938  (ilasgow 
Conference*  on  Oil  Shale  and  Cannel 
Coal. 

A.  Stkwart. 

'  AnalaR  *  standards  for  labora- 
tory chemicals.  4th  edn.  Formu- 
late<l  and  issued  jointly  by  The 
British  Drug  Houses,  Ltd.,  and 
Hopkin  &  Williams,  Ltd.,  Loi)dr>ri, 
1949.     xviii-f302pp.     10s.  6d. 

The  publication  of  a  new  edition 
of  '  AnalaR  '  standards  will  be 
welcomed  by  all  who  are  engaged  in 
the  practice  of  assaying.  The  com- 
panies concemo<l  are  to  be  congratu- 
lated on  the  production  of  the  book, 
providing,  as  it  does,  valua))le 
information  on  the  testing  of  the 
purity  of  a  wide  range  of  analytical 
reagents. 

In  this  new  edition,  the  oppor- 
tmiity  has  been  taken  to  revise  and 
enlarge  the  contents.  The  nmnber 
of  reagents  listed  has  increased  and 
many  of  the  tests  have  been  modified. 

Fifty -eight  new  reagents  have 
been  added  to  the  series  and  it  is 
worth  noting  that  amongst  these 
additions  are  compounds  of  ten 
elements  not  previously  representee!. 
One  compound — anhydrous  ferric 
chloride — has  n«.>w  b(*en  eliminated 
from  the  series. 

Improvements  have  been  made  in 
many  of  the  tests  employed  and 
many  of  the  specifications  have  been 
reviseel,  both  with  regard  to  the 
progress  of  analytical  chemistry  and 
to  the  recjuirements  of  users  of  the 
niagents. 

Polarographic  analysis  has  Ixeen 
introduced  in  several  ctuses  for  the 
determination  of  impurities.  The 
polarographic  method  has  been 
found  to  give  rapid  and  accurate 
determinations  and  its  mr)re  exten- 
sive use  is  forecast. 
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Electrolytic  (iopositioii,"  whilst  not 
rt  new  tochniqne,  has  been  introHutre*! 
int^)  the  ran^jct  of  tests  employed. 
It  is  H8tMl  for  the  aAsay  of  eortaiji 
metallic  salts  and  almi  for  the 
removal,  in  certain  casen,  of  the 
principal  metal  in  order  that  the 
traces  of  impurities  present  may  be 
more  eeu;ily  determined. 


The  availability  of  a  series  of 
reagents  containing  known  limits  of 
impurities  is  of  the  utmost  value  to 
an  assay er.  The  existence  of  an  up- 
to-dat«  volume  concerning  the  pre- 
cise details  of  the  tetnis  employed  in 
the  det^trmination  of  the  impurities 
is,  consequently,  of  the  great-est 
imp.»rtance.        *         p^  l.  Selfe. 


ADDITIONS  TO  JOINT  LIBRARY  OF  THE  INSTITUTION 
AND  THE  INSTITUTION  OF  MINING  ENGINEERS 

Books  (excluding  uorks  marked  *)  majt  be  borrowed  by  member*  personally 
or  by  post  from  the  Librarian^  4^4^  .Salisbury  Ilouse^  London^  E,C,  i. 
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Association,  1949.  84  p..  ilhis.. 
map,  diagrs..  tabn.,  >)iblio. 

Government  Publications  : 

SrHEi'MANN.  Karl  Hermann,  senior 
autlior.  Pelrograpfiy :  part  J, 
mineraUt ;  part  2,  minerals  and  area. 
(F.I.A.T.  i-oview  of  German  scieme, 
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Oovt.,  1948.  2:U:  No  p.,  biblios. 
(German  text.) 
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1  in.  ^^16  ml.  Wellington  : 
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1'm.spectinR  with  th«  •{•.■iK'<T  t(,nnt4  r.  .1.  I). 
na,litm%n.--Cannil.  ^fin.  Mitnll.  RuU.  Ilo. 
(7'rnw.  62.  1949.  111-10).  Monti-al,  May  1919. 
•J22--7,  ilhis.,  map.  tal>s.     $1. 

,'»5(>.83»H428.r.) 

Mairni.^ti''  }»urvry  in  c!uinl>»Tlund  :  n-^nli-  «»i" 
an  inv«Jtl:<!iti'>n  of  faulH  in  the  Whin  Sill  al 
Smltt<r:rill  Bum,  -\l.<<ton.  A.  F.  Hallimond 
and  V.  A.  Eyl«».  -J/i«.  Ma^.,  liond.,  80. 
June  1949,  329-33,  map,  diaf^re.    is.  Od. 


.  552    PETROLOGY 

'»r»2.'>7i 

Toi'liniqiir «if  I'Oiil  prtn>ifrapiiy.  •  .  A.  S^-v Irr 
aud  W.  J.  Kdwardd.— fuc/,  Jxuid.,  28,  June 
1949,  121-7,  iUus.,  tabs.,  biblio.    Sg.  6d. 

553    EGONOXnC   GEOLOGY 
553(...)    Regional 

Vein  niini'rali*  of  tho  northern  I'lMmlnt-o: 
load,  zinc  and  iron  on-H,  fluorspar,  baryteti, 
wlthcrit^.  K.  ('.  Dunham,  y'orth  Ea.tt  f'oaflf 
NewcastlL'-upon-Tyno,  Andrew  Keid.  1949, 
38-44,  maps.  tab«.,  l«ibli(».     15». 

.■)53(438) 

Geolo^ijsi'h*-  rntPivui'hiin;,'on  am  Xonlwest- 
rand  dosZipK-Uoinorer  Krzfr<'l»trjre8^Karpat<»n). 
(•.reologii'al  enquiry  into  the  N.  W.  of  tlie  Zips- 
(TOmoror  Er2gcbi^i*s,  Carpathia.)  Heinhard 
Schonuuben:. -  /.  dnttsch.  geol.  6''.<.,  Berlin, 
98,  194*:,  7n-119.  maps  diasTtt.,  biblio. 

553(712.1) 

Mineral  areas  of  Yukon  :  i'l.  :i.  (..^mlral 
Yukon.  (Gold,  eilver,  lead  and  coal.)  W.  M. 
Bonham.  f.'anad.  Min.  7.,  Oanleuvale,  P.Q., 
70,  .Iniif  1919,  07-70,  maps,  illiis.     §1. 

o.'i3<71it. I   Brreiw  rivtrj 

On^    minerals    of    thf*    B«r^!n   river   mine 
COntario).     Thoni;w  A.  ()U\er.  -Cannd.  iiin. 
J.,   liardunvale,    i'.Q.,    70,  June  1949,  83-6 
illus.,  ilia^T.,  lab.     $1. 

563.2    Ore  deposition 

.m3.2:5."):;.4U(438> 

/ur  Frag(>  der  J-^nL-jltiiUMg  di  r  t»i'i«i- 
>«.id«'isif«fh  - polulscheii  lllti  - Zinki-n  -  J^aKiT- 
siauou.  (On  the  qurstion  of  tbo  «iri^.dn  of  the 
Upper-Sile8i<»-rolii»h  Iwid-zin*-  oif  dop«)eii»>.> 
Paul  \Kfln:win.-  Z.  'hu/nch.  {/t'ul.  </<'*.,  Berlhi, 
98.  1940,  :;>>-09,  map.  diiA^rs.,  Uib*.,  biblio. 

.■ioS.y  :  r».'>3. 192.1 

.Stratiijrraphr  ami  origin  of  Imuxitt'  ■h']>f»»il«. 
K.  (.;.  Hardir."  fluU.  tieol.  Hoc.  Arn*r.,  Balti- 
more, Md.,  60,  May  1949,  «S7-  9u7,  biblio.     $1 . 

568^/.4    Metalliferous  deposits 

.r.53.31(42S) 

Ironstones  in  ntnth  tia*;!  Kn^hmd  W. 
Anderson.  .\'*rtfi  Knxt  '(Hist,  Newca«»tle 
npon-Tvne.  Andivw  Boi'l.  1949,  ri4-7,  biblio. 

Labrador  iion  mv.  W.  M.  "Joojivin.  -W  . 
Mirrr,  Vancouver,  B.«.'..  22,  .May  194'.».  51-7, 
iniip.  tabs.     50  cent«. 

...-.n.iii 

ri:e  ■.IfillV'lir  of  Ijolii.      W  .  .1.    KlI-MehHM.      ,/. 

'  h'-m.  Sor.  N.   Afr.,  J'i'uri.',  49,   April   1941', 
111-22,  l(iblir).      l'.^. 

.^'i3.4lH931.23) 

Th«»  neology  of  the  Bet-fton  quarts  lo<kR. 
Maxwell  <ragH.  -BhJI.  Urol.  Surr.  .\.Z.  42 
(New  .^eri«w).  WVllincton,  191X,  OS  p.,  illu:*.. 
maps,  diai^n*.,  blt»lif>.     2^)s. 

.'>53.43(J*.'>"..r.   II.. 

Jnfrnnm  prelinunar  sooro  |r\  r«seiv»«  de  r«ibre 
lie  Mo  en  «'l  l>nparram«»nto  df  .Moqiiounn. 
l»:»vi.i  Torres  Vare.if.  lUtl.  'po.  Ing.  Min. 
fWti,  liima,  \o.  131,  194S,  50  128,  iUu^.. 
•liagrs. 
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ri5».4ll(438):  553.2; 

Ziir  Kra},'e  tier  KM(st«>liiiii^  dur  hIut- 
rtfhlpLsii**!!  -  p«.>lrii8clH'ii  IMv'i  -  Zinkera  -  I^iur<*r- 
ht-dtt4'n.  (Uii  the  question  of  tlir  orisiit  of  tlio 
rpjM;r-Sil«»Hiu-I'nIisii  K';t<I-7.ttu:  on?  dnposits.) 
I'luil  Assinuim.  — if.  tUulsrh.  yrol.  (Ivn,^  licrliu, 
98,  19  K;,  :)()-<;<.),  mup,  ili-i<;rs..  tubs..  MMio. 

563.415(71) 

Not<wi  on  lca«l  occum'inert  in  (>'ana«Ia.  VV.  H. 
.McClelland.  - -ra/iorf.  Rur.  Min.  Mfinor.  Srr. 
9»,  Ottawa,  Oct.  1H4S,  27  f). 

553.t5(7i:i) 

Tin  diacoverv  in  northwestern  Ontario,  (.ieo. 
K.  Cole.— If'.' J/i>MT,  Vancouver,  B.C.,  22. 
May  1949,  6»)-l,  map.     50  oontj*. 

553.48(08.01) 

Nioknl  in  Sfiutli  Afri«a  ;  luiuwn  (n-iurrrnors 
revlowed. — S.  Afr.  Min.  Kngng.  J.,  J'burnf. 
60,  Pt.  1,  Juno   11    1949,  487-8.     Bd. 

553.495.2 

Uranium  and  at^tniii^  oncriry.  W.  H.  Dnnnis. 
— Minr  A  Quarry  Kvgng.,  liond.,  16,  Julv 
1949, 'J  11-18,  illu«.,diaOTi.,  flowsheet.  Is.  f>d. 

558.5  Deposits  of  building  stones 

'>53..->(428) 

Ijiniestone, aandntone,  whiiistone  and  refra<*- 
torr  materials  in  north  east  England.  <«.  A. 
Burnett  and  othew.  —  A'wtA  East  CooMt^ 
Xoweastle-upon-Tyne,  Andrew  R«id,  1949, 
45-50,  Ubs.,  hiblio.    458.. 

558.6  Non-metallic  deposits 

553.01(717) 

GlajB  and  shales  of  L'riuce  Udwanl  Island. 
A.  R.  MacPhen*ou.  -rnnad.  Bur.  Mhi.  Mentor. 
St>r.  91,  Ottawa.  Oct.  194(5.  17  p.,  map,  tab-. 

.■•53.«11.3(42K, 

Brick  clay  i!i  tiortl>  cast  Knglan«i.  G.  A. 
Humett. ---.V^r/A  Eajtt  ''oast,  Newcastle-upon- 
Tjne,  Andn'w  R»*id.  191l»,  r.5  t5.     45«». 

553.r.ll.4 

Miiu.Tulpi;,'nu'tits.  ''a/t/.  />ir.  Min.  Miiuntl 
Inform.  Scrr..  S.in  Francisco.  2.  Juno  1949, 
7-8,  biblio. 

.■m3.623/.(>LM(1i's.» 

Sand  and  >rrav«'l.  (lu  north  <';k-.t  Knuland.) 
II.  G.  A.  llii-kUng.  — JV'ortft  East  (oast,  Nuw- 
castle-upon-Tvno,  Andrew  Roiil,  1949.  57-9. 
45p. 

:»53.623.55(931 . 1 3-  Waiiara) 

Ironsandw  at  Wait ara.  New  riymouth.  A.C. 
Beck.— .V.;f.    (,>ol.    Sun:    Pub.,    WolUnErton, 

1947,  7  p..  map?,  tabs,,  biblio. 

553.(523.5r)<'i»3l.lO 

The  Wanijanui-Wanijaoliu  ironj^and-*,  .1. 
Finch.— A'.;?,    (.'col.   Surv.   Pub.,    \Vclliui,'lon, 

1948,  IT)  p.,  iUus*..  map,  diagrs.,  tabs.,  biblio. 

:>53.t53(42X) 

Salt,  anhvilrit^  and  ^'vptiuni  in  nortli  ea<(t 
Bnpland.  'a.  I'owlcr.  -North  EaH  (nast, 
N'ewoaetlo-upon-'I'yno,  Andrew  Iloid,  1949. 
■'»l-4,  biblio.     i:»a, 

0:>:i.G3.'>.l(H3l.ll   ^Vllil••  Island) 

•  rypsum  at  White  Island.   ('.  A.  i'leiuin^. 
.v./.  Oiol.  Surr.  Pnh.^  WellhiLMon,  194S,  ;>  p., 
illuft.,  t«b.,  bi>di(i. 


558.«>77(U31.26) 

Sheet  mica  in  South  W<»tland.  H.  W. 
WcUman.-  A'.Z.  Ocol.  Surr.  P,ib.,  Wcllin^s'toii, 
1947,  13  p.,  illus.,  map,  diui^.,  bihlio. 

558.9    Carbonaceous  deposits 

553.91(747.57) 

Investigation  of  SuiTern  is'nq>hit(.'  dtt[H«ii<4. 
Rockland  wmnty,  N.Y.  W.  T.  MUlsr  uud 
Rob«»rt  5>.  Sanford.— /'.if.  /tur.  Siin.  Hep. 
Invest.  4438.  Wash.,  D.C.  April  1949,  i>  p., 
map. 

553.9.S'-'(i7) 

He8en'c«>  of  cou  an>i  petroleum  in  tia- 
I'.S.S.R.  and  the  world.  A  n.«view  of  t^iu- 
tributiont^  t^i  the  XVlIth  lut^^niatioual 
(j<?olo^d«-al  OoiiKress,  Russia.  1937.  6.  I. 
Tomkeieff.— /'»/</,  Jioud.,  28.  July  1S»49, 
159-62,  map.  t4ib.«t.,  biblio.     38.  Cd. 

5:»3.US2(51) 

lU'port  on  i^'iMilogical  invi*e(ti£^tion  of  wmM- 
oiMieldK  hi  i^inkiaiijs'.  "^^  ^-  Huaug  ami 
others,  —i/f TO.  (/eol.  fiurr.  Vhina^  Naukiii;:. 
Strr.  A.,  No.  21.  Feb  .1947,  118  p.,  maiw,  tabs'., 
biblio. 

61    MEDICAL  SCIENCES 

IJ16.24 

Rapport  aur  le  Collo<4ue  dos  pneumok<»iu(vH'S 

teuu  k  Lyon  Irs  7  et  S  Mai  et  k  Saint  Etienni- 

ie  9  .Mai  iil  i»ur  une  viidte  k  Ak«  le  lo  Mui  194^i. 

-Ittst.  Hyg.  Min.  (Puhl.),  lljwwlr,  i;eii.  Ill, 

Comm.  GO,  Juno  14  l«»4y.  13  p.   (Typescript..! 

C16.24  :  546.28 

Tie  ret«ntiB8omont  canlio-vasculain;  dti  la 
Hilicose:  4.  Epn^uves  fonctlonnelles  oirt-u- 
latoiros.  Franz  Lavenne. — Inst.  Ilffg.  .Min. 
(Puhl.i,  Haswelt,  <;on.  112,  (^.mm.  61,  June  l:» 
1949,  13  p.,  tubs.,  biblio.     (Typt-S4'ript.l 

621     PLANT,   POWER.  MECHANICAL 
ENGINEERING 

621.2  :  622(71) 

The  role  of  water  power  in  the  minine  indus- 
try of  Canada.  Norman  Marr.  -  f  •i/m//.  Mih. 
Metall.  Bull.  445.  .Montreal,  May  1949.  2:il-7, 
illus.,  map,  tJibrs.     ?!l. 

621.34  :  622.7 

l>rives  for  on.-  lirosbiui?  plant.    A.  iJ.  An-ud. 

Minr  rf-  Quarrv  Engmj.,  iMini.,  15,  Julv 
1949.  210-2n.     !«.  6d. 

(•.2I.0S 

1  low  mining  men  are  n^iug  ek'ctrouicjs  today: 
I't.  2.  J.  A.  Seft^^r.  -Eugng.  Min.  J.,  N.Y.. 
150,  June  1949.  72  '»,  illu.<..  di;igr8. 

t;2l.<;y,-> 

Pneumatic  punipiiiu' ;  pl:»nt  for  handliuf;  ore 
and  mine  slime.s.  1'.  Pickort.  -Min.  M'tg., 
Lond.,  80.  Jime  1949,  333-12,  illuR..  diagr^., 
biblio.     l8.  6d. 


622    MINING 
622(...)    Regional 
622(8) 

South  American  minch  lievelopmcnt. 
Mauricio  HfH!h!»child.— /i»/W.  -Vim.  Metall.  .^o*'. 
Amer.,  N.Y..  No.  28r,,  42.  April  194'.»,  6-15. 

622.1    Topography,  surveying 

622.1  :.'»26.913.i:; 

Self-illuminaifd  backsight  aids  mine  mi rvey- 
ors.  William  .1.  Waylett.- -£'wyM(7.  Min.  j.. 
N.Y..  150,  Jutie  lyl9!  65,  illus..  diapr. 
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62S.1 :  &26.918.&3 

Airboille  aurrej  techniques  aid  in  ground 
exploration.  D.  N.  Kei^alL — PreeamUrian, 
Winnipeg,  S2,  June  1949,  6-8,  illna. 

622.2    Dflfveloinneiit,  «zplollatiofi 

632.2 :  623.M 

Mining  prBcUoes  at  the  Harrington-Hickory 
mine,  Beaver  county,  Utah.  Paul  T.  Ailaman. 
— (I.S.  Bur.  Min.  Inform.  Ore.  7497,  Waah,, 
D.C.,  April  1949, 15  p.,  map,  tabs. 

622.288    Machine  mining,  rock  drills 

622.2SS.3 

Trockcnbohren  mit  F{artmctiUl<schneidon 
and  Schlangenbohrcm.  (Dir  boring  with 
hard  metal  tipped  bits  and  hci^w  bite.)  Kurt 
Wild.-- ^.  Ertherg.  ifetaUh.,  Stuttgart,  2,  May 
1949,  134-8,  iliuii.,  tabs.    4  DM. 

622.233.3.U53 

New  expandhig  type  rock  bit  offers  revolu- 
tiouary  departure  in  mining  field.  Victor 
KarhowskL — Min.  Worlds  8an  Francisco,  11, 
June  1949,  42,  illus.,  diagr.    35  cents. 

622.285    Blastinft,  blast-hol^  drilling 

622.235.12  :  622.333.G26 

Diamond  drilling  quartz-feldspar  iatcr- 
KTOwths.  L.  0.  ArmstroDj^.  —Min.  Engng., 
N.Y.,  1,  June  1949,  Sect,  Trans.  (T.P.  2580  A.) 
177-8,  tab.     75  cents. 

622.26    Shafts,  sinking 

622.25 

Sinkiiiig  with  the  hydro-mucker  at  Mathf^r 
"  B  "  shaft,  Mich.  J.  3.  Weatwater.  -Min. 
Engng.^  N.Y.,  1,  June  1949,  Sect.  Trans. 
<T.P.  2596  A.),  169-70,  illus.,  diagrs.,  tab. 
75  cents. 

622.34    Metalliferous  mining 

622:341(744) 

InTestigation  of  Anson  Belts  manganese 
mine,  Hampshire  county,  Mas8.  Mcilcnry 
Mosier  and  M.  L.  Thomas.  —  6/.i9.  Bur.  Min. 
Rep.  InvcMt.  4443,  Wash.,  D.C.,  April  1949. 
8  p.,  map,  tabs. 

622.342.1(52) 

0-old  and  silver  minin;;  Industry  of  Japnii. 
Robert  Y.  Qrant.~i^<ntfr.  Tr.  "ifctet  Spec. 
Supp.  28,  Wasli.,  D.C.,  27,  August  1948,  10  p.. 
m^,  tabs. 

622.342.1(9.11.23) 

The  geolojfv  of  the  Reefton  quartz  lodes. 
Maxwell  Gage.— fluiZ.  Oeol.  /fitrv.  N.Z.  42 
(New  Series),  WellIn|,ton,  1948,  68  p.,  Illus., 
maps,  dlagrs.,  biblio.     208. 

(122.342.2(52) 

Gold  and  silver  miiiiiifi:  industry  of  Japan. 
Robert  Y.  Grant.  -Miner.  Tr.  Sntes  Spec. 
Supp.  2S,  Wash.,  D.C.,  27,  Au^oist  1948,  H>  p., 
map,  tabs. 

622.344.1(775.44-Rodham) 

Investicration  of  Rodham  mine  xino  iind  lead 
Area  I^avettf-  ronntv.  Wis,   Jamos  V.  Kelly. 
—  U.S.  Bur.  Min.  li'^'p.  ImrM.  4446.  Wash., 
D.C.,  April  1949,  6  p.,  talw. 

622 .345^423.7-  Wherrv) 

The  Wherry  min«*,  Penzanco,  Its  hiiitory  ami 
its  mineral  pr(»du«*tioi».      \.rthur  Ruflsell. - 
Miner.  Mag.,  Ixmd.,  28,  Jun»?  1949.  517-3.*^. 
illus..  map,  diacnm.,  hiblin.     12a. 


6S2.346(943.3&-Fifteen  Mile  Diggings) 

Fifteen  Mile  Diggings,  Kallanda,  Kangaroo 
HiUa,  M.F.  A.  K.  Denmead.— Qd.  Oovi.  Min. 
J.,  Brisbane,  60,  3farch  1949,  143-4,  map, 
diagrs.    6d. 

623.349.9(46-Almaden) 

The  riches  of  Almaden  (Spain);  PL  1. 
Laureano  Menendex  7  Puget. — 3/tfi.  World, 
San  Frandsoo,  11,  June  1949,  34-6,  illus. 

622.5  Drainage 

622.532  :  621.695 

Mammutpumpen  in  Gmbenbetrieben.  (Air- 
lift pumping  in  ondeigroand  workings.)  J. 
Maercks. — Bergb.  Rdseh.,  Bochum,  1,  Jane 
1949,  68-73,  diagrs. 

622.6  Haulage,  hoisting,  transport 

622.625.24 

Overlapping  mine  cam. — Coal  Age,  Albanv. 
N.Y.,  54,  June  1949,  92-3,  illus. 

622.625.28-843.6 

The  oil-engined  locomotive  underground. 
O.  W.  Lockton.— J/ in.  Elect.  Mech.  Engr., 
Manchr.,  29,  June  1949,  438-45,  tabs.     2s.  6d. 

622.671 

An  investigation  of  winder  gear  praoUcv. 
Jolm  Dolan.— y.  8.  Afr.  InMn.  Engrt.,  J'burg. 
47.  April  1949,  199-222,  Illus.,  tabs.     3s.  6d. 


622.7    MINERAL  DRESSING 

622.7-  ...    Dressing  specific  minerals 

622.7-341(787) 

Beneflciation  of  oxide  and  silicate  man- 
ganese ores  from  (Trook,  Albany,  and  Washakie 
counties,  Wyo.  B.  K.  Shiblor  and  11.  D. 
Suedden.  —U.S.  Bur.  Min.  lirp.  Invest.  4445, 
Wash.,  D.C.,  April  1949,  16  p.,  Ulw. 

622.7-341(791.13) 

Concentration  of  oxide  manganese  ortK  from 
the  Adams  and  Woody  properties.  Coconino 
coimty,  near  Peach  SprinETs,  Ariz.  Geoiige  M. 
Potter  and  Richard  Havens. —  U.S.  Bur.  Min. 
Rep.  Invest.  4439,  Wash.,  D.C.,  April  1949. 
10  p.,  tabs. 

622.7-341(791.221) 

Concentration  of  oxide  manganese  ores  from 
Turtle  cJaims  and  Pat'iflc  Coattt  manganese 
prop*»rtlp«.  Paymaster  distrii't.  Imperial 
county,  Calif.  W.  W.  Ak^-v  ami  H.  K.  Shibler. 
—  I'.S.  Bur.  Min.  Rep.  Invest.  4441,  Wash., 
D.C,  April  1949,  9  p.,  tabs. 

622.7-341.1 

Britain  gpts  half  Its  Iron  from  lean  orrw. 
David  D.  Howat.  -Engng.  Min.  J.,  N.T.,  160. 
Juno  1949,  6G-9,  Illus.,  dia^'r.,  tab. 

622.7-349.21 

Pilot-plant  onncentration  of  Arkansas 
aluminium  ores.  S.  M.  Rxmke  and  othcn.  -■ 
U.H.  Bur.  Min.  Rep.  Invest.  4440.  Wash.,  D.C. 
April  1949,  38  p..  illus.,  tabdi.,  flowshfef*. 

622.7-361.2 

Modernizing  dry  kaolin  milliiiir  ui  .^uth 
Carolina.  Paul  M.  Tylvr.—E notig.  Min.  .f.. 
X.Y.,  160,  June  1949,  5«-«,  ilhw.,  fto'fJ'a.VvW, 
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622.7.006.26 

Neue     Aufbereitungti-VeniuolismaachiDeii. 
(New  laboratory  minenil  druwixig  ^paratiu.) 
W.    Grander   and    H.    mmon.— J?.    Erzberg. 
MetaOh,,    Stuttgart,   2,    May    1949,   139-44, 
illus.,  diagrs.    4  DM. 

622.74    Screening 

622.741 

Size-«urface  analysis  of  lluely  ground  mill 

Sroducta  by  elutriation.     E.   O.   Lilge  and 
>.  E.  Pickett.— »'.  Siirur,  Vancouver,  B.C., 

22,  May    1949,   44-7.   diagre.,   tabs.,   biblio. 
50  cents. 

622.75/.78    Goocentratioa 
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Subject  to  revision.]      [A  Paper  issued  on  llih  August,  1949,  for 

discussion  by  correspondence. 

Experiments  on  the  Removal  of  Selenium  and 
Tellurium  from  Blister  and  Fire -refined  Copper* 

By  W.  A.  Baker,!  b.bc,  f.i.m.,  and  A.  P.  C.  Hallowbs,  J  b.sc,  a.i.m. 

Introduction 

Selenium  and  tellurium  impair  the  properties  of  some  types  of 
copper  when  the  amounts  present  exceed  certain  limits,  and 
methods  of  removing  these  impurities  are  therefore  required.  Their 
removal  by  electrolytic  refining  is  entirely  satisfactory  where  power 
supplies  and  precious  metal  recovery,  etc.,  are  favourable,  but  in 
some  cases  there  is  a  considerable  economic  incentive  to  develop 
alternative  cheaper  processes. 

The  present  paper  describes  experiments  on  the  following 
methods  for  the  removal  of  selenium  and  tellurium : 

(1)  Kemoval  during  conversion  of  matte, 

(i)  by  volatilization,  and 
(ii)  by  selective  converting. 

(2)  Removal  during  fire-refining  by  the  addition  of  calcium  and 
other  elements. 

The  paper  is  a  record  of  laboratory  work  only  and  is  put  forward 
in  the  hope  that  engineers  in  charge  of  converting  and  fire-refining 
operations  may  possibly  find  ways  of  applying,  on  a  plant  scale, 
the  more  successful  of  the  experimental  methods  described. 

It  is  thought  that  some  of  the  methods  described  could  be  appHed 
under  full-scale  working  conditions,  but  it  must  be  emphasized  that 
the  paper  does  not  attempt  to  do  more  than  set  out  results  obtained 
in  experimental  work  on  a  laboratory  scale. 

I.    REMOVAL  DURING  CONVERSION  OF  MATTE     ^ 

(i)  Removal  by  Volatilization 
Like  bismuth,  selenium  and  tellurium  are  not  removed  by 
oxidation  and  transfer  to  the  slag  during  conversion  of  copper 
mattes.  The  elements  boil  at  680°C.  and  1087°C.  respectively  and 
if  they  were  uncombined  in  molten  smelter  products  a  substantial 
removal  by  volatilization  would  be  expected.  Keller's  (^)  early 
work  indicated  that  substantial  amounts  are  eliminated  in  the 

*  A    conununication   from    the   British    Non-Ferrous   Metals    Research 
Association.    A  summary  of  experimental  work  by  A.  P.  C.  Hallowes. 
Paper  received  on  10th  March,  1949. 

t  Senior  metallurgist,  British  Non -Ferrous  Metals  Research  Association, 
London. 

}  Research  investigator,  British  Non-Ferrous  Metals  Research  Association, 
London. 

(})  See  list  of  references  given  at  the  end  of  the  paper. 
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converting  procoss  and  the  following  Bmall-scale  experiments  were 
carried  out  to  confirm  or  disprove  bis  conclusion. 

Experimental 

350  g.  melts  of  matte,  white  metal,  or  synthetic  *  oxygen-free  * 
coppers,  were  held  in  2J-in.  dia.  by  10-in.  deep  salamander  crucibles 
and  blown  with  air  or  hydrogen  in  three  temperature  ranges — viz. 
1250-1300°C.,  1350-1400^0.,  and  1 450-1 500°C.  ;  35  g.  of  sand 
was  added  to  the  matte  charges  blown  with  air.  The  blowing  time 
was  usually  four  hours  and  the  gases  were  passed  through  the  melts 
at  4  cu.  ft.  per  hour,  so  that  the  total  volume  passed  per  unit 
weight  of  melt  was  of  the  same  order  as  the  volume  of  air  blown 
in  a  typical  converter  operation  <*>,  although  the  speed  was  much 
lower.  At  the  end  of  the  blow  the  melts  were  poured  into  a  thick- 
walled  copper  mould. 

The  initial  charges  and  the  products  after  blowing  were  analysed^ 

.  for  selenium  and  tellurium  contents  and  the  extent  to  which  these 

elements  were  removed  was  calculated  as  described  in  what  follows. 

ResuUs 

(a)  Air-bloioh  mattes  yielded  slag  plu3  matte  or  slag  plus  white 
metal  and  copper.  Mechanical  losses  of  the  order  of  20  to  80  per 
cent  occurred  by  splashing  and  by  skulls  adhering  to  the  crucibles. 
The  total  amounts  of  selenium  and  tellurium  which  would  have 
remained  in  the  charges  had  no  losses  occurred  were  therefore  cal- 
culated from  :  (i)  the  contents  of  these  elenu^nts  iu  the  end  products 
and  (ii)  the  theoretical  yields  <.)f  the  end  products,  these  being 
indicated  bv  the  iron  conttmt  of  the  residual  matte  or  by  the 
extent  of  copper  formation.  In  these  calculations  the  sniafl 
amounts  of  the  impurities  in  the  slag  \v(Te  neglected.  The  extent 
of  removal  arrivtul  at  in  this  way  is  shown  below. 

Matte  cohtahiimj  0-0407>tT  cent  Se  and  0*03i)  j;er  ceid  Te  bloxcn  4  hours  with  air 

Temp.  "C.  Keinoval  per  cent 

Se  Te 

1250-1300  H  3 

1350-1400  nil  3 

1450  1500  2  20 

In  view  of  the  possil.»le  errors  in  the  calculation  of  yields,  the  only 
significant  loss  of  tellurium  occurred  at  tlie  highest  temperature 
and  no  selenium  was  removed  under  the  conditions  used. 

{b)  Hudroficn-bJou'H  ///a//e.s  (with  the  sami?  initial  stjlenium  and 
tellurium  contents)  fornuul  a  frw  per  cent  of  free  copper,  but  this 
was  ne^liicted  in  arriving,'  at  the  conclusion  that  no  significant  losses 
of  selenium  and  tellurium  had  occurred. 

(c)  Hifdr()(]ru-hl(.)wn  white  mdal  (containing  0-061  per  cent  of 
selenium  and  0-0 1'J  i)«t  cent  of  tellurium)  forined  a  little  free  copper. 

* 'rii'.*  iiH'thofi  usj.mI  iii\()lv(Ml  dtiiihlf?  pivrijiitation  with  sodium  hypo- 
plu.ispliitr  ami  \ziiyv  rosult-;  ii'j)ro'.lnfil.>li?  to  _^  0001  per  cent. 
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No  signifioant  losses  of  selenium  oooorred  and  although  a  14  per 
cent  loss  of  tellurium  occurred  at  1450-1500^0.  no  loss  was 
indicated  at  lower  temperatures. 

(d)  Hydrogen-blown  synthetic  copper  melts  gave  the  results  shown 
below. 

Synthelie  coppers  containing  0*040  per  cent  Se  and  0*055  per  cent  Te  bloum 

4  hours  with  hydrogen 

Temp.  **C.  Removal  per  cent 

Se  Te 

1250-1300  2  5 

1450-1500  16  41 

The  small  losses  indicated  at  the  lower  temperature  are  not 
significant  but  some  removal  of  both  selenium  and  tellurium 
occurred  with  a  reducing  blast  at  1 450-1 500°C. 

(e)  Air-blovm  copper  melt^  containing  0*043  per  cent  of  Se  and 
0*056  per  cent  of  Te  formed  very  little  slag  and  lost  no  selenium 
or  tellurium  after  blowing  for  one  hour  at  1450-1500°C.  After 
4  hours  blowing  in  the  same  temperature  range,  about  15  per  cent 
of  the  copper  was  oxidized  and  formed  a  silicate  slag  which  contained 
about  45  per  cent  of  copper,  0-009  per  cent  selenium,  and  0-007 
per  cent  tellurium.  The  selenium  and  tellurium  contents  of  the 
remaining  copper  were  unchanged,  so  that  about  10  per  cent  of 
the  total  amoimt  of  each  impurity  had  been  removed,  presumably 
by  volatilization. 

(ii)  Removal  by  Selective  Converting 

Selective  converting — i.e.,  partial  conversion  of  white  metal  to 
copper  and  separation  of  the  two  products  before  continuing  the 
blow — is  a  famihar  process,  which  has  been  applied,  for  example, 
to  the  conversion  of  white  metal  of  high  bismuth  content.  The 
bismuth  concentrates  preferentially  in  the  copper,  so  that,  by 
interrupting  the  blow  soon  after  copper  formation  has  begun  and 
separating  this  copper  before  converting  the  remaining  white  metal, 
the  bismuth  content  of  the  bulk  of  the  copper  can  be  drastically 
reduced.  The  literature  (*  *>  indicates  that  selenium  and  tellurium 
distribute  themselves  in  the  opposite  way,  both  tending  to  concen- 
trate in  the  white  metal.  However,  the  magnitude  of  this  effect  is 
not  clear  from  the  literature  and  both  small-scale  and  largo-scale 
tests  were  carried  out  to  determine  the  extent  to  which  these 
impurities  can  be  removed  by  selective  converting. 

ExpeTiniental 

Two  mattes  were  used,  one  having  high  selenium  and  tellurium 
contents  and  the  other  a  low  selenium  content  with  negligible 
tellurium.  In  laboratory  tests  850  g.  charges  of  matte,  together 
with  35  g.  silica,  were  heated  in  deep  (10-in.  by  2i-in.  dia.)  sala- 
mander crucibles  to  1450-1 500°C.  and  blown  with  air  at  4  cu.  ft. 
per  hour  for  times  ranging  from  3  to  7  hours.    The  resulting  slag, 
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white  metal,  and  copper  was  poured  into  a  heavy  copper  mould 
and  the  products,  which  separated  into  distinct  layers  in  the  mould, 
were  analysed  for  their  selenium  and  tellurium  contents. 

The  distribution  of  these  elements  between  white  metal  and 
copper  was  also  examined  by  melting  together  150  g.  each  of  pure 
synthetic  white  metal  and  of  copper  containing  the  impurities. 
These  molts  were  stirred  with  a  silica  rod  for  10  min.  at  1 250-1 300°C. 
and  then  cast  into  a  copper  mould,  where  the  two  components 
separated  into  two  distinct  layers  from  which  samples  were  taken 
for  analysis. 

These  two  procedures  were  also  followed  on  a  larger  scale.  In  the 
first  experiment  2  cwt.  of  matte,  \idth  10  per  cent  of  its  weight  of 
silica,  was  air-blown  in  an  oil-fired  furnace  until  it  was  judged, 
after  6  hours  blowing,  that  80-90  per  cent  copper  formation  had 
occurred  ;  this  was  judged  from  the  appearance  of  an  iron  rod 
plunged  into  the  bath  at  intervals.  The  dense  and  high-conductivity 
copper  layer  heated  the  lower  end  of  the  rod  to  a  distinctly  higher 
temperature  than  did  the  white-metal  layer  and  the  depths  of  both 
layers  were  easily  measured  in  this  way.  It  proved  impracticable 
to  decant  the  white  metal  from  the  copper  bath,  after  skimming  off 
the  slag,  but  the  white  metal  formed  a  thin  layer  on  the  top  surface 
of  the  copper  billet  poured  from  the  melt. 

In  the  second  experiment  about  1500  lb.  of  white  metal  was 
decanted  from  a  converter  into  an  oil-fired  furnace  and  about 
6000  lb.  of  molten  clear  copper  was  slowly  added.  The  bath  was 
mixed  by  poling  for  ten  minutes.  An  attempt  to  skim  off  the 
white  metal  was  unsuccessful  and  the  contents  of  the  furnace  Avere 
poured  into  a  ladle  lined  with  reverberatory  slag.  Good  separation 
of  white  metal  and  copper  was  obtained. 

Results 

The  results  of  these  experiments  are  given  in  Tables  I  and  II. 
The  proportions  of  copper  and  of  co-existing  white  metal  are 
expn»ssed  as  percentage  copper  formation.  The  last  two  columns 
of  th<*  T{i])I<'s  show  that  the  selenium  and  tellurium  were  concen- 
trated in  the  white  metal,  so  that  with  suitable  proportions  of  white 
metal  and  copper  most  of  the  selenium  and  tellurium  was  retained 
in  the  white  metal. 

II.    REMOVAL  DURING  FffiE  REFINING  OF  COPPER 
Attempts  were  made  to  remove  selenium  and  tellurium  from 
copper  at  some  stage  in  the  fire-refining  process,  in  which  certain 
impurities  in  the  blister  copper  are  removed  by  oxidation  and 
transfer  to  the  slag. 

The  alkali  selenides  and  selenites  (and  the  corresponding 
tellurium  compounds)  have  high  heats  of  formation  and  it  has 
been  proposed  <^'  ®)  to  remove  selenium  and  tellurium  from  molten 
copper  by  treating  the  latter  with  alkali  salts  under  reducing 
conditions.    The  extent  of  removal  by  this  method  was  examined 
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Table  I 

SSLENIUM    AND    TELLURIUM    CONTBNTS    OF    COPPEB    AND    WhITB    MbTAL 

ATTEB  Selectively  CoNVERTiNa  Matte  Chabobs 


Copper 

White  Metal 

Copper 
Form- 
ation 

percent 

Propoi 
TotaU 
presen 
per 

-tion  of 
toorTe 

Se 
percent 

Te 
percent 

Se 
percent 

Te 
percent 

itinCu 
cent 

Se 

Te 

350    g.    charges    of 
matte  containing 
Cu  58*5  per  cent, 
Fe  14-2  per  cent. 
8  24  per  cent,  Se 
0*040    per    cent, 
Te  0-035  per  cent 

00026 
0009 
00025 
00038 

0001 
0007 
00046 
00046 

0055 
0061 
0063 
0072 

0043 
0050 
0050 
0054 

2 
14 
17 

28 

Nil 
2 
1 
2 

Nil 
2 

I 
3 

'  • 

0009 

0009 

0074 

0036 

30 

4 

9 

0004 

0006 

0078 

0060 

32 

2 

4 

0007 

0008 

0082 

0062 

36 

4 

6 

0003 

0008 

0089 

0062 

49 

2 

9 

• 

0003 

0012 

0095 

0051 

59 

4 

21 

0005 

0015 

0107 

0077 

63 

6 

21 

00096 

0010 

0114 

0084 

69 

13 

17 

0013 

0014 

0137 

0103 

77 

20 

27 

0013 

0015 

0142 

0108 

83 

26 

35 

0014 

0019 

0-087 

0080 

84 

40 

49 

0018 

0017 

0113 

0100 

91 

56 

57 

0036 

0026 

0-29 

015 

99 

89 

92 

0064 

0053 

100 

100 

100 

0055 

0037 

100 

100 

100 

350    g.    charge    of 
matte  containing 
Cu  64-8  per  cent, 
Fe  8-8  per  cent, 
S   22-3  per  cent, 
Se  00067          per 
cent,     Te     about 
00005  per  cent 

00003 
00004 
0-0008 
00015 
00079 

n.e. 
n.e. 
n.e. 
n.e. 
n.e. 

0013 
0016 
0023 
0044 

n.e. 
n.e. 
n.e. 
n.e. 

32 
47 
66 
86 
100 

1 

2 

5 

13 

100 

— 

2    cwt.    chajrge    of 
matte  containing 
Cu  64*3  per  cent, 
Fe  9-48  per  cent, 
Se  00068  per  cent 

00041 

n.e. 

97 

40 

n.e.    Not  estimated. 
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Table  III 
The  Effbct  of  Aucali  Salt  Treatment  on  the  Selenium  and  Tkclxjhium 

Contents  of  Molten  Copper 


Conditions  of  Experiment 

Se 
percent 

Te 
percent 

'  Oxygen-Free  *  Copper 

(a)  Charcoal  cover  and  frequent  poling. 

Four    experiments,   three   at    1150- 

1200°C.    and    one   at    1250-1300°C., 

using  the  soda  mixture  in  amounts 

between  1*5  and  4-5  per  cent  by  weight 

of  the   copper  gave  similar  results 

averagmg : 

Initial  contents 

0055 
0015 
0014 

0059 
0028 
0035 

1  hour  after  addition    

o 

0014 

0036 

(6)  Charcoal  cover  and  frequent  poling. 

One  experiment  at  1250°C.  using  2  per 

cent  potassium  carbonate  : 

Initial  contents 

00060 

(  ^0'00i^T»ArnpnfnYvo«kn 

5  min.  after  addition    

<00002 
<00002 

\      "  ^ 

do. 
do. 

^  o^~ 

X\J          ff                  ff                       ff                      ...••.•.. 

Copper  Containing  About   0-01  per  cent 

Oxygen 

* 

No  charcoal  cover  but  frequent  poling. 

One  experiment  at  1150-1200°C.  using 

1*5  per  cent  soda  ash  mixture  : 

Initial  contents 

0061 
0047 

0063 
0047 

1  hour  after  addition    

Copper    Containing    About    0*06  per  cent 

Oxygen 

Oxygen  content  maintained  by  flame  con- 

trol.   One  experiment  at  1250-C.  using 

2  per  cent  potassium  carbonate  : 

Initial  contents 

00076 

(0-06 
(0-03 
(0-08 

per  cent  c 
per  cent 
per  cent 

)xygen) 
do.     ) 

;")  min.  after  a<l(lition     

00063 

00072 

do.     ) 

Copper    Containing    About    01    per   cent 

Oxygen 

Oxyj^en  content  maintained  hv  flame  con- 

trol.   One  experiment  at  11. lO   1200X\ 

using  4'5  per  cent  soda  asli  mixture  : 

Initial  contents 

0066 
0062 
0062 

0065 
0065 
0063 

1  hour  aft(;r  addition     

2  hours    .,            ,,           

Q 

0061 

0063 

Copper   Containing    About    0-4    per    cent 

Oxygen 

Oxygen  content  maintained  by  flame  con- 

trol.   One  exporirnent  nt  1250^0.  using 

2  j)er  cent  potassium  carbonate  : 

Initial  contents 

00041 

(0-48 

per  cent  oxygen) 

5  mill.  aft<*r  addition     

00044 

(0-35 

(0-28 

]>er  cent 
])er  cent 

do.  ) 
do.     ) 

1''     (f          *«            *.           •••••..•• 

00042 
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The  results  of  the  preliminary  test  with  additions  of  various 
elements  to  phosphorus  deoxidized  melts  containing  selenium  are 
given  in  Table  IV. 

Table  IV 

MiSCELIiANSOUS    ADDITIONS    TO    DsOXIDIZED    SeLENIUM-BbARINO    CoPPER 

(The  additions  listed  below  were  made  to   4-lb.   melts  imder  charcoal, 
containing  0*055  per  cent  Se  and  0*012  per  cent  P) 


• 

Analy 

sis 

Reverse  Bend  Value 
(No.  of  180°  bends) 

Addition 

Se 
percent 

P 

percent 

Added 
Element 

As 
RoUed 

Annealed  30 
min.  at  650°C. 
and  quenched 

0*015 

8 

38 

— 

0*048 

0013 

1 

29 

0-26  per  cent  Ca 

00030 

0011 

007%  Ca 

4 

26 

0-5  per  cent  Ca  

00012 

0013 

0*18%  Ca 

2 

20 

1  per  cent  Ca-Si  alloy* 

00011 

0013 

n.e. 

2 

22 

2  per  cent  Ca-Si  alloy* 

0*0024 

0*018 

n.e. 

i 

7 

O-06  per  cent  Li 

0*030 

0013 

0011%  Li 

1 

22 

O-I  per  cent  Li    

0038 

0004 

0016%  Li 

1 

15 

0*6  per  cent  Cd  

0050 

00095 

n.e. 

1 

24 

O'06  per  cent  Mg    ... 

0055 

0*011 

0003%  Mg 

i 

27 

0*01  per  cent  Be 

0*037 

0011 

0*011%  Be 

1 

12 

♦  Containing  nominally  15-20  per  cent  Ca,  14-18  per  cent  Mn,  55-60  per 
cent  Si,  10-11  per  cent  Fe. 

n.e.  Not  estimated. 

Calcium,  lithium,  and  beryllium  lowered  the  selenium  contents 
of  the  copper  significantly  and  the  eflfoct  of  calcium  was  pursued 
in  more  detail,  because  it  is  more  readily  available  than  the  other 
elements.  The  reverse  bend  test  data  shown  in  Table  IV  give  no 
indication  that  these  elements  minimize  the  effect  of  the  residual 
selenium  on  the  mechanical  properties  of  the  copper  and  in  some 
cases  the  poor  mechanical  properties  must  be  attributed  to  the 
added  elements. 

Table  V  gives  the  results  of  a  further  experiment  with  calcium 
additions.  A  20-lb.  melt  of  cathode  copper  was  held  at  1100-1200°C. 
under  charcoal,  selenium  was  added,  and  sample  ingots  were  poured : 
(a)  before  adding  calcium,  (b)  immediately  after  the  calcium 
addition,  and  (c)  at  intervals  during  a  subsequent  air  blow  designed 
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The  scatter  of  the  points  plotted  in  Fig.  1  makes  it  impossible  to 
draw  any  definite  conclusions,  but  to  a  first  approximation  the 
relationship  between  the  selenium  contents  of  copper  and  white 
metal  is  given  by  : 

selenium  in  copper  per  cent  =^  K  X  (selenium  in  white  metal  per  cent)* 

when  the  copper  contains  up  to  about  0*005  per  cent  selenium. 
The  attempts  to  remove  selenium  and  tellurium  at  some  stage 
in  the  fire-re&iing  process  show  little  promise  from  a  practical  point 
of  view.  The  fact  that  potassium  carbonate  removed  selenium 
from  *  oxygen-free  '  copper  more  efficiently  than  the  sodium  salt 


0-005 


0010 
St    IN  COPPER  */o 


0-015 


0-020 


Fig.  1. — DiHtribution  of  selenium  between  white  inet-al  euid  copper 
varying  with  soloniuni  content  of  copper. 


is  in  accord  with  tho  higher  h(»at  oi  formation  of  potassium  selenide. 
Free  energy  data  have  not  boon  found,  but  it  is  reasonable  to 
suppose  that  the  entropies  of  the  two  alkaU  selenides  would  be 
similar  and  hence  their  free  energies  of  ft)rmation  would  be  in  the 
same  order  as  their  heats  of  formation. 

Calcium  can  remove  selenium  from  copper  during  fire  refining 
under  certain  conditions,  but  this  use  of  calcium  is  also  beset  with 
difficulties.  In  the  production  of  *  tough-pitch  '  copper  it  would 
b(i  necessary  to  pole  the  copper  back  to  0-01  per  cent  of  oxygen  or 
less,  preferably  in  the  initial  stages  of  refining  just  after  the  blister 
copper  had  been  melted.  This  would  entail  extra  time  and  con- 
sumption of  poles  and,  oven  if  those  considerations  did  not  rule  out 
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the  process,  it  is  then  necessary  to  remove  the  small  volume  of  slag, 
rich  in  selenium,  before  proceeding  with  the  oxidation  cycle.  The 
large-scale  experiment  described  in  Table  VI  shows  that  useful 
reductions  in  selenium  content  would  require  very  careful  skimming 
at  this  stage  and  in  fact  it  seems  unlikely  that  really  satisfactory 
skimming  could  be  done. 

The  use  of  calcium  as  a  deoxidant  and  selenium  remover  in  the 
production  of  a  deoxidized  copper  deserves  more  serious  considera- 
tion. The  literature  <'•  ®>  shows  that  calcium  deoxidized  coppers 
-with  controlled  low-calcium  contents  have  good  working  and 
electrical  properties.  The  calcium  and  selenium  contents  of  the 
third  sample  described  in  Table  VI  indicate  that  small  residual 
calcium  contents  compatible  with  good  working  and  electrical 
properties  ^''  *>  would  probably  maintain  the  selenium  content  of 
the  melt  at  a  sufficiently  low  level,  but  it  must  be  admitted  at  once 
that  serious  practical  difficulties  would  be  encountered  in  attempt- 
ing to  maintain  low  calcium  contents  in  the  bath  over  the  period 
required  for  casting.  Moreover,  the  literature  (8,  discussion),  shows 
that  the  calcium  deoxidized  bath  is  liable  to  pick  up  impurities 
from  the  refractorv  crucible  or  hearth  which  advorselv  affect  the 
electrical  conductivity  of  the  copper.  Thus  the  use  of  calcium  as 
a  deoxidant  and  selenium  remover  involves  serious  practical 
difficulties  whose  importance  could  only  be  assessed  by  trials  on  a 
production  scale. 

Of  all  the  methods  examined  in  this  work  the  selective  converting 
method  offers  greatest  promise  as  a  practicable  method  of  removing 
selenium  and  tellurium.  If  practicable  means  could  be  found  for 
continuously  removing  the  copper  from  the  converter  during  its 
formation  from  the  white  metal,  the  favourable  distribution  of 
these  impurities  between  copper  and  white  metal  would  be 
exploited  to  the  maximum  possible  extent.  This  procedure  should 
give  substantially  better  separation  of  these  impurities  than  the 
already  good  separation  indicated  by  the  data  in  Tables  I  and  II 
and  the  amount  of  selenium-  and  tellurium-rich  copper  formed 
at  the  end  of  the  blow  would  be  lessened.  The  authors  are  not 
competent  to  express  an  opinion  on  the  practicability  of  such  a 
scheme,  but,  in  view  of  the  difficulty  encountered  in  decanting  a 
white  metal  layer  from  the  copper,  some  means  of  tapping  the 
copper  from  the  lower  part  of  the  converter  may  well  be  necessary 
if  the  selective  converting  method  is  applied,  in  which  case  oppor- 
timity  might  be  taken  to  tap  the  copper  continuously  as  suggested 
above. 

Acknowledgements 

The  authors  are  indebted  to  the  Director  and  Council  of  the  British 
Non-Ferrous  Metals  Research  Association  for  permission  to  pubhsh 
this  paper  and  to  Mr.  J.  Sykes  of  the  Enfield  Rolling  Mills,  Ltd., 
who  carried  out  some  large-scale  experiments  described  in  the  paper. 


14  W.  A.  BAKBB  AND  A.  P.  C.  HALL0WB8 

REFERENCES 

G)  KxLUSR,  E.    The  mineral  indtutry,  7,  1899,  245. 

O  BucH,  F.  E.    MeiaU  Technol.,  Deo.  1947.,  T.P.2248. 
Stevens,  R.  J.,  Metals  TechnoL,  Dec.  1947,  T.P.2249. 

C*)  Keller,  E.    TU  mineral  industry,  9,  1901,  240. 

(«)  Cavebs,  T.  W.,  and  Lee,  G.  M.      Canad.  Min.  MetaU.  BulL  No.  297, 
Trans,  Canad,  Inst.  Min,  MetaU.,  40,  1937,  5-10. 

(»)  Brit.  Pat.  No.  449,471. 

C«)   U.S.  Pat.  No.  1,945,074. 

(^  Schumacher,  E.  E.,  Ellis,  W.  C,  and  Eckel,  J.  F.     Trotw.  Amsr.  Inai, 
Min,  Egnrs.,  Inst.  Met.  Div.,  89,  1930,  151. 

'*)  ZiCKBiOK,  L.     Trans,  Amer,  Inst.  Min,  Engrs,,  Inst.  Met.  Div.,   104, 
1933,  152. 


*^*  Extra  cojnes  oj  thifi  jmpcr  may  he  obtained  at  a  cost  of 
Is.  (j(l.  each,  at  the  office  of  the  Institution,  Salisbury  Hotise, 
Finsbury  Circus,  London,  K.C.  "1. 


CROWTUBK  de  liooDHAN  (Branch  of  The  Argus  I'rest  JJd.),  2  Carmelite  St.,  London,  B.0.4. 


THE    SECOND    SIR    JULIUS    WERNHER    MEMORIAL 
LECTURE   OF  THE  INSTITUTION   OF  MINING  AND 

METALLURGY 

on 
The  Effect  of  Impurities  on  the  Properties  of  Metals 

By  C.  H.  Desch,  f.r.s. 

delivered  at  The  Royal  Institution,  21,  Albemarle  Street,  W.l, 
on  Wednesday,  6th  July,  1949,  at  6  p.m. 

Mr.  W.  A.  C.  Newman,  o.b.b..  President,  in  the  Chair 

The  President  said  that  the  lecture  to  be  delivered  that  evening 
was  the  second  of  what  the  Council  of  the  Institution  of  Mining  and 
Metallurgy  hoped  might  be  a  series  of  biennial  lectures  in  memory 
of  Sir  Julius  Wernher,  that  great  pioneer  in  the  South  African 
mining  industry.  Two  years  ago  the  Chairman  on  that  occasion, 
Mr.  Taylor,  gave  a  brief  summary  of  the  life  of  Sir  Julius  Wernher 
and  of  his  influence  on  the  industries  with  which  he  was  most 
intimately  connected,  and  it  was  therefore  unnecessary  to  repeat 
those  details  on  the  present  occasion.  It  was  only  fitting,  however, 
to  emphasize  the  great  influence  that  Sir  Julius  Wernher  wielded, 
with  his  associates,  on  the  gold  and  diamond  mining  industries, 
had  the  consolidation  which  they  effected  in  various  ways,  which 
and  persisted  even  to  the  present  day. 

In  addition,  Julius  Wernher  had  a  great  interest  in  education. 
It  was  in  great  measure  due  to  his  inspiration  and  to  his  help, 
both  in  time  and  in  money,  that  the  great  Colonial  University  in 
South  Africa  was  founded,  and  it  was  also  well  known  that  he 
gave  great  assistance  in  the  establishment  of  the  Imperial  College 
of  Science  and  Technology  in  Jjundon.  It  was  fitting,  therefore, 
that  his  name  should  be  honoured  bv  the  Institutir)n  which  was 
connected  with  mining,  and  which  had  many  educational  activities, 
by  associating  him  with  this  series  of  lectures. 

In  choosing  a  lecturer  for  such  an  occasii)n,  there  were  two  ways 
of  approach.  One  was  to  select  a  subject  which  was  important  and 
pressing,  and  then  invite  a  lecturer  who  was  an  authority  on 
that  subject  to  address  the  members  of  the  Institution.  Those 
were  the  circumstances  two  years  ago,  when  problems  of  silicosis 
and  pneumokrmiosis  were  uppermost  in  the  minds  of  members  of 
the  Institution,  and  th(?y  invited  Major-General  Orenstein  to  give 
the  Lecture.  The  other  approach  was  one  which  the  Institution 
could  make  to  honour  someone  who  had  become  an  authority  on, 
and  done  outstanding  work  in,  one  or  other  of  the  directions  in 
-which  the  Institution  was  interesl(»d.  Those  were  the  circumstances 
that  evening,  for  there  was  no  (me  practicing  metallurgy  in  England 
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to-day  whom  the  Council  of  the  Institution  felt  was  worthier  of 
the  honour  than  Dr.  Desch.  There  was  no  one  who  was  better 
able  to  discuss  and  review  that  fringe  or  boundary  between  pore 
metals  in  the  relined  state  as  they  were  put  on  the  market  by 
producers,  which  was  a  particular  function  of  the  Institution,  and 
the  use  of  those  metals  cither  as  pure  metals  or  in  the  form  of 
alloys  in  their  fabricated  form  ;  and  there  was  no  one  in  Britain 
who  was  better  able  to  discuss  critically  the  influence  of  impurities 
on  the  products  of  the  refineries  and  on  the  fabricated  metals  and 
alloys,  and  also  the  methods  by  which  those  impurities  and  their 
effects  could  be  brought  under  ccmtrol. 

He  thought  that  it  was  right  to  say  that  Dr.  Desch  graduated 
into  metallurgy  through  the  avenue  of  chemistry  quite  early.  At 
the  age  of  28,  nearly  fifty  years  ago,  ho  became  a  member  of  the 
staff  of  Professor  Huntington,  at  King's  College,  London,  at  a 
time  when  the  study  of  metals,  the  use  of  the  microscope  and  the 
science  of  metallography,  which  had  been  associated  with  the 
names,  to  mention  only  three,  of  Sorby,  Osmond  and  Roberts- 
Austen,  were  leading  to  the  development  of  much  new  information 
which  was  soon  in  full  flood.  Dr.  Desch  had  contributed  in  no 
small  measure  to  the  expansion  of  that  science.  Later  he  occupied 
the  Chairs  of  Metallurgy  at  Glasgow  and  at  Sheffield,  and  for  many 
years  he  was  Superintendent  of  the  Department  of  Metallurgy  of 
the  National  Physical  Laboratory.  He  was  now  a  Director  of 
Richard  Thomas  &  Company  and  Honorary  Scientific  Director  of 
the  Iron  and  Steel  Research  Council. 

Dr.  Desch  had  been,  as  was  well  known.  President  of  the  Faradav 
Society,  President  of  the  institute  of  Metals,  and  President  of  the 
Iron  and  Steel  Institute — a  very  nota])le  record.  To  show  his 
versatility,  apart  from  his  writings  on  metallography  and  metallurgy 
he  had  also  writtt?n  a  hook  on  the  clieniistry  of  cement  and  concrete^ 
and  he  was,  or  had  recently  b(H^n,  Chairman  of  the  Council  of 
Sociology. 

The  Council  of  the  Institution  were  delighted  that  Dr.  Desch 
had  been  able  to  accept  their  invitation  to  deliver  the  second  Sir 
Julius  Wernher  Memorial  Lecture,  and  he  had  in  that  way  done 
great  honour  to  the  Institution. 

Dr.  C.  H.  Desch,  before  delivi^ring  his  Lecture,  thanked  the 
President  for  his  very  kind  words  of  introduction.  It  might 
perhaps  be  of  interest  to  some  of  those  present,  he  said,  to  know 
that  he  camc^  into  mi^tallurgy  through  having  been  engaged  in  the 
brewing  industry.  It  so  liappened  that  Professor  Huntington 
wanted  an  assistant  who  was  accustomed  to  the  use  of  the  micro- 
scope. He  himself  knew  nothing  whatever  about  metallurgy"-  at 
the  time,  but  had  been  engaged  in  the  study  of  yeasts  and  bacteria 
in  the  brewing  industry,  so  that  he  came  into  metallurgy  by  a  side 
road.  That  might  perhaps  encourage  some  of  the  younger  scientific 
men,  who  were  a  little  doubtful  about  contmuing  along  the  lino 
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or>  i;vhich  they  had  begun,  to  branch  off  on  to  some  other  line. 
Perhaps  at  the  present  time,  when  science  had  become  so  extremely 
specialized,  that  might  be  a  little  more  difficult  than  it  was  in  the 
days  when  he  was  young,  but  he  thought  that  there  was  a  great 
deal  to  be  said  for  changing  one's  occupation  if  something  else 
seemed  more  interesting. 

Dr.  Desch  then  delivered  his  Lecture  : 

The  Effect  of  Impurities  on  tiie  Properties  of  Metals 

A  PURE  metal  is  one  which  is  built  up  entirely  of  atoms  of  the  same 
kind.  We  should  perhaps  qualify  this  by  reference  to  the  case  of 
isotopes.  A  metal  consisting  of  a  mixture  of  isotopes  of  a  single 
element,  but  entirely  free  from  any  other  atoms,  w^ould  be  regarded 
AS  metallurgical ly  pure.  Important  as  are  the  differences  between 
the  several  isotopes  of  an  element  for  the  physicist  and  sometimes 
for  the  chemist,  the  metallurgical  differences  are  trivial  and  can  for 
ordinary  purposes  be  neglected. 

Metals  are,  however,  very  sensitive  to  the  influence  of  foreign 
atoms  in  their  structure.  If  those  atoms  be  scattered  at  random 
throughout  the  crystal  lattice,  as  in  a  solid  solution  in  the  disordered 
state,  their  effect  is  to  increase  the  hardness  and  to  diminish  the 
ductility,  to  lessen  the  electrical  conductivity,  and  to  produce  other 
changes  of  physical  properties  which  can  be  quantitatively  predicted. 
If,  however,  the  foreign  atoms  be  rejected  by  the^  crystal  lattice  of 
the  solvent  metal,  their  influence  on  certain  properties  may  be  far 
greater  and  less  predictable.  A  relatively  small  number  of  foreign 
atoms,  segregating  at  the  boundaries  between  crystal  grains,  may 
completely  destroy  the  ductility  of  a  metal.  An  instance  of  this, 
interesting  as  being  perhaps  tht^  first  effect  of  the  kind  to  be 
examined  by  metallographic  methods,  is  the  observation  in  1896 
that  gold,  if  contaminated  by  0*1  per  cent  of  bismuth,  becomes  so 
brittle  that  it  is  easily  ground  in  a  mortar.  !Much  smaller  quantities 
may  profoundly  alter  physical  properties. 

The  difficulty  in  removing  impurities  from  metals  varies  within 
very  wide  limits,  (jold  and  silver  can  be  put  through  quite  simple 
electrolytic  processes  which  will  leave  impurities  cmly  appearing 
in  the  fourth  or  fifth  decimal  place.  Mercury  is  very  easily  purified 
by  distillation  in  vacuo.  On  the  other  hand,  to  prepare  in  mi  which 
could  reasonably  be  regarded  as  pure  is  a  task  of  extraordinary 
difficulty.  Small  quantities  have  been  prepared  for  spectrographic 
purposes,  in  which  the  impurities  have  been  reduced  to  an  exceed- 
ingly low  figure,  but  as  powder,  which  can  only  be  brought  into 
a  compact  form  at  the  cost  of  re-introducing  appreciable  quantities 
of  impurity.  The  purest  iron  in  the  powdered  condition  has  been 
produced  in  a  laboratory  where  you  would  hardly  expect  it — the 
laboratorv  attached  to  the  Vatican  in  Rome. 

The  best  results  so  far  obtained  with  the  massive  metal  are  those 
of  Adcock  at  the  National  Phvsical  Laboratorv,  elements  other 
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than  iron  being  in  such  small  proportion  as  only  to  be  detectable 
spectrographically.  This  was  obtained  after  elaborate  precautions 
had  been  taken  to  prepare  a  pure  salt  of  iron  by  chemical  processes. 
This  salt  was  then  decomposed  by  heat  and  reduced  with  hydrogi?n, 
and  the  resulting  metal  had  then  to  be  melted  without  introducing 
foreign  elements,  the  process  involving  the  use  of  high  vacua,  of 
high-frequency  current,  and  of  crucibles  of  which  the  composition 
had  to  be  arrived  at  by  a  preliminary  research.  The  total  quantity 
of  iron  of  such  purity  that  has  been  obtained  is  only  to  be  reckoned 
in  kilogrammes.  That  is  perhaps  rather  an  unexpected  result, 
but  very  few  people  have  ever  handled  such  a  pure  iron.  In  view 
of  the  exceptional  importance  of  iron  for  the  study  of  metals,  it  is 
remarkable  that  only  such  small  quantities  have  been  prepared  in 
a  state  comparable  with  that  of  so  many  other  metals.  Of  indus- 
trially available  varieties  of  iron,  the  purest  is  probably  that 
prepared  by  the  thermal  decomposition  of  the  vapour  of  ir».»n 
carbonyl,  Fe(C0)4.  ^^^^^  usually  contains  some  carbon  and  oxygen, 
which  can  be  eliminated  in  the  form  of  carbon  monoxide  by  heating 
in  vacuo. 

A  volatile  metal  may  be  most  easily  purified  by  fractional 
distillation,  and  mercury  is  one  of  the  most  easily  puritiable  of  all 
metals.  After  simple  chemical  treatment  to  remove  baser  metals, 
with  suitable  vacuum  technique  distilled  mercury  can  be  obtained 
in  a  condition  which  can  be  described  as  *  spectroscopically  pure  '  : 
hence  this  metal  is  used  as  a  standard  of  electrical  conductivitv. 

« 

The  standard  ohm  is  defined  in  terms  of  the  electrical  resistance  of 
a  colunm  of  mi^rcury  of  standard  dimensions  at  a  given  to.mperaturt». 
Certain  other  in«*tals  can  be  volatilized  with  comparative  east-, 
such  as  zinc,  cadmium,  and,  with  more  difficulty  but  with  surprisinj:): 
success,  manganese.  This  last  metal  was  purified  by  Gayler  at  the 
National  Pliysical  Laboratory,  the  experimental  difficulty  causi'd 
by  the  readiness  with  which  the  mental  reacts  with  refractory 
materials  containing  oxygon  having  been  overcome  by  special 
vacuum  techni(][ue.  It  is  easier  to  prepare  a  volatile  compound, 
such  as  a  chloride  or  iodide,  in  a  highly  purified  condition  than  the 
metal  its«*lf.  The  vapour  of  the  lialogen  compound  may  then  be 
decomposed  by  heat.  This  is  the  process  used  with  so  much  success 
at  Messrs.  Phillips'  Works  at  Eindhoven,  and  has  the  advantage 
that  the  metal  dot^s  not  come  into  contact  during  its  preparation 
with  any  refractory  material  or  other  solid  from  which  it  could 
possibly  pick  up  impurities.  A  thin  wire  of  the  metal  from  a 
previous  preparatiim  is  stretched  betwei-n  conducting  holders  and 
heated  by  passing  an  electric  current  while  tht»  wire  is  surroiuided 
by  the  vapour  of  the  purifi(?d  halogen  compound.  This  metluKi 
3-ields  a  metal  (juite  free  from  oxide,  but  other  metals  which  form 
volatile  chlorides  must  bo  previously  removed  by  chenncal  treat- 
ment. Nio]>ium  and  tantalum,  which  are  (^xtremelv  difficult  to 
purify  by  other  methods,  are  obtained  in  the  same  way  from  their 
chlorides,   at    t(Mnperatures   of   1800^   and   *200()''  C.   respectively. 
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Volatile  impurities  are,  of  course,  removed  in  the  process. 

It  occasionally  happens  that  it  is  easier  to  obtain  a  metal  in  a 
highly  purified  state  in  the  course  of  a  commercial  process  than  on 
a  small  scale  in  the  laboratory.  This  is  conspicuously  true  of 
aluminium.  To  refine  the  commercial  metal — which  is  already  purer 
than  most  industrial  metals — by  any  of  the  ordinary  laboratory 
methods  is  impracticable.  In  refining  copper  and  several  other 
metals,  advantage  is  taken  of  the  fact  that  the  principal  impurities 
have  a  greater  heat  of  oxidation  than  the  mother  metal,  so  that 
they  can  be  largely  removed  by  a  process  of  partial  oxidation. 
This  method  cannot  be  applied  to  alununium,  which  has  an 
exceptionally  high  heat  of  oxidation,  advantage  of  which  is  taken 
when  aluminium  is  used  for  the  thermal  reduction  of  oxides  of 
other  metals  ;  the  so-called  aluminothermic  process.  The  prepara- 
tion of  highly-refined  aluminium  is  therefore  carried  out  by  repeat- 
ing the  process  by  which  the  aluminium  was  first  prepared — the 
electrolysis  of  a  bath  of  fluorides.  Tlie  aluminium  to  be  refined  is 
alloyed  with  copper  to  increase  its  specific  gravity,  and  tliis  molten 
alloy  serves  as  an  anode,  lying  below  a  bath  of  molten  fluorides, 
so  composed  as  to  be  lighter  than  the  alloy  but  denser  than  the 
pure  metal.  As  the  metal  is  liberated  at  the  cathode  by  electrolysis, 
it  floats  to  the  surface  and  is  there  collected.  In  practice,  the  salt 
bath  is  composed  of  a  mixture  of  aluminium  fluoride,  sodium 
fluoride,  and  barium  chloride.  In  this  way,  a  metal  is  obtained  by 
a  conmiercial  process,  with  less  than  O-Ol  per  cent  of  impurities. 

The  object  of  purifying  the  metal  to  such  an  extreme  degree  is 
essentiallv  to  obtain  better  chemical  resistance.  The  increased 
softness  is  a  property  which  has  to  be  taken  into  account  in  consider- 
ing its  applications. 

One  must  distinguish  between  metals  needed  in  a  specially  pure 
condition  for  chemical  purposes  or  for  use  as  standards  in  spectro- 
graphic  analysis  from  the  same  metals  required  for  mechanical, 
magnetic  or  electrical  investigations.  For  the  former,  a  fine  powder, 
prepared,  let  us  say,  by  the  gaseous  decomposition  of  a  highly- 
purified  oxide  pr  other  compound,  will  suffice.  The  Vatican 
Laboratory  has  specialized  in  preparing  metals  with  the  minimum 
of  impurities  for  use  as  standards  in  spectrographic  work,  but 
such  preparations  are  not  in  the  compact  form  required  by  the 
metallurgist. 

It  is  in  the  conversion  into  a  solid  mass  tliat  the  main  difficulties 
occur.  Fusion  is  the  simplest  and  most  obvious  method,  and  by 
using  vacuum  fusion  in  a  high-frequency  induction  furnace;  the  entry 
of  impurities  from  the  furnace  gases  during  the  process  is  prevented. 
By  employing  crucibles  of  a  highly  refractory  oxide  another  source 
of  contamination  is  avoided,  although  it  was  found  at  the  National 
Physical  Laboratory  that  some  metals  will  even  reduce  magnesia 
and  thoria  when  melted  in  crucibles  composed  of  them,  and  so 
become  contaminated.  Tliis  only  occurs  with  metals  of  very  high 
melting  point.    The  difficulty  is  avoided  when  the  metal  is  produced 
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under  conditions  not  involving  contact  with  a  refractory  material ; 
hence  the  great  advantage  of  preparation  from  the  gaseous  phase, 
as  in  the  decomposition  of  volatile  halogen  compounds  already 
mentioned. 

The  melting  or  softening  point  of  the  available  refractory  materials 
sets  a  limit  to  the  preparation  of  metals  of  very  high  melting  point 
in  a  pure  condition.  Tungsten,  for  example,  melting  at  3382°C., 
cannot  be  melted  in  a  crucible,  but  has  to  be  prepared  in  the  form 
of  powder  and  formed  into  a  rod  by  sintering  at  a  temperature 
below  the  melting  point.  This  may  be  done  without  special 
difficulty  by  passing  a  heavy  current  through  a  mass  of  powder 
shaped  into  the  form  of  a  rod  by  mechanical  pressure  sufficient 
to  enable  it  to  hold  together.  The  meltmg  point  being  so  high, 
many  of  the  impurities  are  removed  from  tungsten  by  merely 
heating,  by  passing  an  electric  current,  to  a  temperature  near  to 
the  melting  point,  when  most  ordinary  impurities  are  volatilized. 

It  would,  of  course,  be  absurd  to  determine  the  state  of  purity 
of  a  metal  by  a  direct  chemical  estimation  of  the  proportion  of 
that  metal  in  the  sample,  and  the  only  practicable  procedure  is  to 
determine  by  chemical,  spectrographic,  or  microscopical  methods 
the  quantity  of  the  several  impurities  which  have  been  found  to  be 
present.  It  was  proposed  by  Mylius  in  1912  to  express  the  degree 
of  purity  by  a  logarithmic  quantity ;  this  method  has  great 
advantages  and  should  be  generally  adopted,  grade  4,  for  instance^ 
representing  a  metal  with  a  total  of  one  part  of  impurity  in  10,000^ 
that  is  1  X  10-*. 

We  may  have  a  mt*tal  which  has  been  very  thoroughly  purified 
from  foreign  mi^tals  but.  which  has  not  the  properties  of  a  pure 
metal  on  account  of  the  presence  of  its  oxide,  either  dispersed 
through  the  crystal  grains  as  line  particles  or  collected,  as  filjnj> 
or  as  chains  of  globules,  in  the  bcmndaries  of  the  grains.  Sinall 
quantitii»s  of  oxide  in  such  a  form  may  be  difficult  to  detect  by 
chemical  analysis,  but  they  can  usually  be  seen  under  the  micro- 
scope,  provided  that  the  technique*  of  polishing  has  been  of  a 
sufficiently  high  standard,  pjlectrolytic  polishing — more  properly 
described  as  electrolytic  smoothing,  sine(^  it  depends  on  the  removal 
of  metal  from  high  spots,  and  not  on  the  flow  of  metal  under  a 
polishing  material — provides  a  completely  undistorted  surface, 
and  foreign  particles,  ey(»n  of  very  small  size,  are  readily  detected. 

So  far  it  is  not  easy  to  apply  the  process  of  electrolytic  smoothing 
to  all  metals,  but  work  has  been  done  with  ahnninium  at  the 
laboratory  at  Vitry,  just  outside  l^iris,  where  the  most  beautiful 
photographs  are  prepared  entirely  free  from  any  distortion  of  the 
surface. 

Evt^n  when  the  concentration  of  an  imjnirity  is  below  the  limit 
of  its  solid  solubility  in  the  parent  metal,  some  segregation  may 
occur  at  the  boundaries  of  grains,  giving  rise  to  brittleness.  Leaving 
aside  the  cast?  in  which  such  segregation  is  due  to  imperfect 
equilibrium,  removable  by  annealing,  it  may  occur  by  a  process 
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comparable  with  that  by  which  soap  molecules,  dispersed  in 
solution  throughout  a  mass  of  water,  will  collect  in  a  superficial 
film  whenever  a  free  surface  is  produced,  as  in  the  blowing  of  a 
soap  bubble.  Such  a  concentration  must  occur  if  the  dissolved 
substance  lowerfi  the  surface  tension  of  the  solvent.  That  dissolved 
foreign  atoms  lower  the  surface  tension  of  molten  metals  has  been 
proved  in  a  number  of  instances. 

That  a  similar  lowering  of  surface  tension  is  produced  in  a  soUd 
metal  is  less  easy  to  prove,  as  we  have  no  really  satisfactory  method 
of  determining  the  surface  tension  of  a  solid  crystal,  in  contact  only 
with  similar  crvstals  of  different  orientation,  which  is  the  case 
in  a  mass  of  solidified  metal.  Measurements  have  been  made  bv 
indirect  methods,  and  these  furnish  evidence  that  such  a  concen- 
tration of  impurities  in  grain  boundaries,  although  below  the 
concentration  corresponding  with  solubility  in  the  mass,  actually 
does  occur. 

In  such  a  case,  a  very  small  concentration  of  foreign  atoms  in 
the  intergranular  boundaries  may  form  a  film  which,  by  its  higher 
resistance,  brittleness,  etc.,  may  profoundly  alter  the  properties  of 
the  metal  in  which  it  might  be  expected  to  have  dissolved. 

An  interesting  example  may  be  cited  from  the  alloys  used  for 
marine  bronze  propellers.  These  so-called  bronzes  are  usually 
really  complex  brasses,  composed  of  copper  and  zinc  with  smaller 
additions  of  other  metals,  and  not  true  bronzes,  which  are  alloys 
of  copper  with  tin.  Some  of  these  technical  alloys  are  solid 
solutions,  appearing  homogeneous  imder  the  microscope,  and 
having  the  crystal  structure  known  as  body-centred  cubic.  (That 
is,  the  crystal  lattice  is  made  up  of  atoms  so  arranged  that  the  unit 
of  the  lattice  has  a  metal  atom  at  each  of  the  eight  corners  of  a 
cube,  and  a  ninth  atom  at  the  centre.)  Marine  propellers  of  such 
alloys,  although  giving  satisfactory  static  mechanical  tests,  occasion- 
ally prove  to  be  remarkably  lirittle  under  impact,  so  tliat  a  new 
8hip*s  propeller  has  been  known  to  break  on  striking  a  floating  log. 
No  brittle  constituent  could  be  detected  in  the  grain  boundaries, 
yet  a  mass  of  the  alloy,  inmiersed  in  a  solution  of  mercurous  nitrate, 
would  in  a  few  seconds  disintegrate  into  a  loose  mass  of  separate 
crystals,  like  sand.  The  alloys  which  behaved  in  this  way  contained 
small  proportions  of  aluminium.  Examination  of  the  ternary 
equilibrium  diagram  shows  that  this  aluminium  should  have  been 
in  solid  solution,  but  the  chemical  behaviour  of  the  alloys  showed 
that  concentration  in  the  grain  boundaries  had  occurred. 

The  study  of  surface  chemistry  is  thus  important  for  an  under- 
standing of  the  properties  of  solid  metals,  although  the  surfaces 
considered  are  between  two  solid  phases  of  similar  composition. 
There  is  much  experimental  evidence  to  show  that  concentration  of 
a  dissolved  element  does  actually  occur  in  interfaces  in  a  solid  metal. 

In  speaking  of  interfaces  within  a  mass  of  solid  metal,  we  usually 
think  of  the  surfaces  separating  crystals  of  considerably  different 
orientation,  such  as  are  seen  when  a  cast  metal  is  sectioned  and 
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etched.  The  use  of  more  refined  methods  of  observation,  however, 
shows  that  boundaries  of  another  order  must  be  taken  into  account. 
Workers  with  X-rays  have  concluded,  from  observations  of  the 
intensity  of  reflections,  that  most  crystals — there  are  a  few 
exceptions,  of  no  importance  for  metallurgy — possess  a  *  mosaic  * 
structure  on  a  smaller  scale  than  that  of  the  crystal  grains.  This 
inference  has  received  direct  confirmation  from  the  beautiful  work 
of  Jacquet  and  his  colleagues  in  the  laboratory  of  Vitry,  near  Paris. 
Using  the  method  of  electrolytic  smoothing  already  mentioned  and 
then  etching  under  carefully  controlled  conditions,  the  sharp 
triangular  etch-figures  within  a  single  grain  of  pure  aluminium  are 
found  to  form  groups  of  slightly  varying  orientation,  indicating  the 
division  of  the  crystal  into  regions  much  smaller  than  the  grains 
normally  considered.  As  these  etch-figures  are  remarkably  sharp, 
their  orientation  can  be  determined  with  great  accuracy  by  means 
of  a  goniometer.  The  several  regions  into  which  a  grain  is  thus 
found  to  be  divided  differ  in  orientation  to  the  extent  of  l'^  or  so. 
This  fine  structure  can  occur  in  a  pure  metal,  but  it  is  no  doubt 
affected  by  the  presence  of  foreign  atoms,  and  the  etching  charac- 
teristics suggest  that  segregation  can  occur  at  the  mosaic  boundaries, 
BO  that  a  reticulated  pattern  may  be  produced  within  what  would 
be  regarded,  using  ordinary  methods  of  preparation,  as  a  single 
grain.  It  will  require  very  careful  work  to  determine  the  influence 
of  such  a  sub-stnicture  on  the  properties  of  the  metal,  but  such  an 
influence  must  exist. 

It  is  worth  while  to  emphasize  that  this  method  of  preparing  a 
smooth  and  undistorted  surface  by  electrolytic  means,  using  a 
highly  viscous  electrolyte,  makes  possible  the  detailed  study  of 
deformation  and  of  changes  on  heat-treatment,  etc.,  when  the 
effects  of  mechanical  polishing  are  such  as  to  destroy  the  evidence 
sought  for.  So  far,  the  method  has  been  applied  with  success  to 
aluminium  and  its  alloys  and  to  copper,  but  there  is  no  doubt  that 
means  will  be  found  of  applying  it  to  other  metals.  The  advantages 
of  smoothing  and  etching  a  surface  in  such  a  way  that  both  slip- 
lines  and  etch-figures  havt*  the  appearance  of  having  been  drawn 
by  using  a  drawing  board  and  a  ruler  are  such  that  valuable  results 
may  be  expected  from  any  extension  of  the  method.  If  anyone  is 
successful  in  applying  that  method  to  steel  I  shall  be  very  glad  to 
know  of  it,  for  I  have  trit^d  for  a  long  time  without  obtaining  results 
which  I  regard  as  really  first  rate. 

The  mechanical,  electrical,  magnetic  and  chemical  properties  of 
a  metal  depend  to  an  important  extent  on  the  conditions  at  the 
boundaries  between  crystal  grains.  In  a  j)ure  metal  there  is  no 
foreign  material  at  those  boundaries,  but  owing  to  the  meeting  of 
two  lattices  with  different  orientations  the  conditions  must  be 
different  from  those  in  the  interior  of  a  grain.  It  was  at  one  time 
held  by  many  metallographers  that  the  region  between  grains  was 
occupied  by  atoms  in  an  irregular  arrangement  like  that  of  an  under- 
cooled  hquid — the  so-called  amorphous  phase,  which  might  be  as 
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much  as  100  atoms  thick.  Such  a  phase,  with  its  resemblance  to 
a  liquid,  might  be  expected  to  have  a  greater  solvent  power  for 
foreign  atoms  than  the  adjoining  crystal  grains  with  a  normal 
lattice.  The  assumption  of  a  thick  amorphous  layer  in  a  metal 
which  has  not  been  cold- worked  is  no  longer  accepted,  and  the 
transitional  layer  between  two  grains  is  now  considered  to  be  not 
more  than  three  atoms  thick  at  regions  of  misfit.  Even  so  thin  a 
layer,  however,  may  be  capable  of  absorbing  foreign  atoms  more 
readily  than  a  perfect  lattice,  and  it  will  be  convenient  to  assume 
that  it  does  so.  We  would  then  expect  to  find  a  higher  concen- 
tration of  impurities,  even  of  those  which  could  enter  into  the 
lattice  of  the  crystal  grains,  at  the  intergranular  boundaries,  and 
there  is  much  evidence  that  that  is  so.  We  shall  look  for  further 
evidence  when  the  technique  of  using  the  electron  microscope  is 
more  highly  developed. 

In  the  course  of  cold-working  the  crystal  grains  become  distorted 
and,  in  later  stages,  largely  broken  up  into  fragments.  Most  workers 
on  the  subject  to-day  explain  the  changes  produced  in  the  metal 
by  fragmentation,  but  I  prefer  the  older  hypothesis  of  Beilby, 
according  to  which  the  crystal  structure  is  actually  broken  down 
locally,  forming  a  disorderly  *  vitreous  '  phase,  which  might  be 
expected  to  have  a  greater  power  of  taking  foreign  atoms  into 
solution  than  the  normal  orderly  space  lattice.  Such  a  phase,  with 
its  absence  of  planes  of  slip,  would  be  expected  to  be  harder  than 
the  crystalline  phase  made  up  of  the  same  atoms  and,  on  account 
of  its  looser  packing,  to  have  a  lower  density,  as  is  in  fact  the  case. 
The  fragments  into  which  the  crystal  is  assumed  to  be  broken  are, 
however,  so  small  according  to  most  of  the  estimates,  that  the 
difference  between  the  fragmented  condition  and  that  of  a  vitreous 
phase  becomes  largely  artificial.  Leaving  aside  the  evidence  of 
X-ray  investigations,  the  hypothesis  of  a  vitreous  phase  is  adequate 
to  explain  the  observed  microscopic  structures  and  the  changes  of 
densitv  and  hardness. 

Since  the  plasticity  and  ductility  of  a  metal  depend  on  its 
capability  for  slipping  on  crystal  planes,  any  distortion  of  the 
lattice  tends  to  hinder  slip  and  to  reduce  the  plasticity.  Alloys  are 
harder  than  their  component  metals  on  account  of  the  reduced 
liability  to  slip,  due  to  the  blocking  of  the  planes  of  slip. 

As  a  rule,  any  oxide  which  may  have  been  retained  in  the  course 
of  the  preparation  of  a  metal  is  found  as  a  separate  phase,  either  in 
particles  within  the  crystals,  in  which  case  its  effect  is  comparatively 
slight,  or  segregated  at  the  grain  boundaries,  causing  mechanical 
weakness.  Sulphides,  if  present,  are  frequently  in  the  latter  form, 
hut  sulphur  is  an  obvious  impurity  which  can  be  removed  without 
ji^reat  difficulty,  and  its  proportion  in  any  metal  which  is  to  be 
regarded  as  of  high  purity  is  negligible.  Besides  oxides  and 
sulphides,  carbides  are  liable  to  be  found  in  metals  that  have  been 
prepared  by  reduction  with  carbon  or  carbon  monoxide,  and 
carbide  particles  usually  collect  at  the  grain  boundaries.    Cacbc^w 
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in  solid  solution  is  unlikely  to  occur  in  a  slowl}'  cooled  metal,  as 
it  tends  to  separate,  either  as  graphite  or  as  a  metallic  carbide, 
during  the  process  of  cooling.  Phosphorus,  however,  if  present  in 
small  quantity,  is  most  likely  to  be  in  solid  solution.  These 
elements  are  not  difficult  to  detect  by  chemical  or  spectrographic 
analysis,  and  can  be  eliminated  by  well-known  methods. 

Oxygen  is  not  usually  a  cause  of  brittleness,  except  when  present 
in  such  quantities  that  it  can  be  easily  detected  by  means  of  the 
microscope,  the  oxide  particles  sometimes  collecting  at  grain 
boundaries.  It  is  possible  that  oxygen  is  responsible  for  the 
observed  brittleness  of  the  most  carefully  prepared  specimens  of 
beryllium.  This  metal  was  purified  by  distillation  in  a  lugh  vacuum 
at  the  National  Physical  Laboratory.  From  its  crj'stal  structure 
beryllium  might  be  expected  to  be  malleable,  but  actually,  although 
small  pieces  can  be  hammered  fiat  at  a  red  heat,  the  metal  has 
never  been  found  to  be  malleable  at  atmospheric  temperatures. 
For  this  it  is  quite  likely  that  thin  intergranular  films  are  responsible. 
It  does  not  appear  that  the  metal  has  been  examined  after  electro- 
lytic polishing,  which  would  probably  allow  such  filnis  to  be 
detected  if  present. 

Inclusions  of  oxide  may  have  only  a  trivial  intluence  on  the 
properties  of  a  metal,  as  they  are  often  isolated  and  present  only 
local  obstacles  to  deformation.  Thoria  is  deliberately  added  to 
tungsten  intended  for  use  as  lamp  filaments  on  account  of  the 
resistance  it  offers  to  the  excessive  growth  of  crystal  grains  to  which, 
pure  tungsten  is  liable  if  kt'pt  for  long  at  the  temperature  of  incan- 
descence. Whilst,  however,  numerous  large  grains  in  tungsten  are 
very  luidesirable — on  account  of  the  risk  of  producing  grain  bound- 
aries extending  through  the  whole  thickness  of  the  filament,  on  which 
displacements,  involving  a  reduction  of  area  and  consequent  local 
overheating,  have  occurred — it  is  n»niarkable  that  if  grain  growth 
be  carried  to  the  extreme  limit,  so  that  the  whole  of  the  wire 
consists  of  a  single  crystal,  the  medianical  properties  are  excellent. 
As  the  wire  is  drawn  through  a  suitable  temperature  gradient,  the 
large  crystals,  extending  over  tlie  whole  diameter  of  the  wire, 
absorb  the  smaller  ont'S,  whilst  the  thoria.  round  which  the  large 
crystal  is  able  to  grow,  prevents  small  grains  from  growing 
appreciably  in  size  until  the  large  crystal  reaches  and  absorbs 
them.    This  is  the  basis  of  an  important  technical  process. 

Titanium  and  zirconium,  which  have  certain  metallic  characteris- 
tics, can  take  their  respective  oxides  into  solid  solution  to  a  limited 
extent,  lowering  the  electrical  c(mductivity.  Both  these  elements 
have  been  considered  to  have  abnormal  electrical  properties,  later 
explained  as  due  to  the  presence  of  oxide  and  of  nitride,  which 
produces  similar  (effects. 

Aluminium  and  magnesium  are  metals  which  form  exceedingly 
stable  oxides,  but  both  metals,  when  required  in'  a  highly  purified 
condition,  are  refined  bv  means  of  vacuum  distillaticm,  when  the 
/K>/i-\oiiiiil«»  oxides  are  left  behind.    The  same  is  true  of  the  alkaline 
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earth  metals.  Although  various  methods  have  been  used  to 
obtain  the  metals  of  the  rare  earths,  it  does  not  appear  that  their 
mechanical  properties  are  known  with  any  degree  of  accuracy, 
research  work  having  been  directed  mainly  to  the  separation  of 
the  oxides  of  this  difficult  group  rather  than-  to  that  of  the  metals. 

The  changes  in  properties  produced  by  the  removal  of  the  last 
traces  of  an  impurity  from  a  metal  may  be  very  striking.  Reference 
has  already  been  made  to  Adcock*s  work  on  highly  purified  iron. 
His  product  was  softer  than  copper,  hardness  being  measured  by 
the  Brinell  indentation  test.  It  needs  only  very  small  quantities 
of  carbon  or  phosphorus  to  harden  iron  to  an  appreciable  extent. 
An  exact  statement  of  the  effects  of  purification  on  the  magnetic 
properties  is  difficult,  as  these  properties  are  affected  by  the  grain 
size  as  well  as  by  the  quantity  of  impurities,  and  highly  purified 
iron  tends  to  form  large  grains.  At  the  National  Physical  Laboratory 
we  had  very  great  difficulty  indeed  in  preparing  very  pure  iron  in 
a  fine-grained  state.  Any  process  to  which  we  subjected  the  iron 
caused  quite  considerable  grain  growth. 

The  chemical  as  well  as  the  mechanical  properties  of  a  metal 
also  vary  with  the  quantity  of  impurities  present,  and  striking 
results  are  obtained  when  a  metal  in  common  use  is  subjected  to 
special  refining  processes.  Aluminium  is  an  example.  Commercial 
aluminium  is  readily  attacked  by  many  chemical  agents,  and  its 
resistance  to  atmospheric  corrosion  is  due  to  the  rapid  formation  of 
a  protective  layer  of  oxide  or  hydroxide.  Aluminium  prepared  by 
the  Hoopes  process,  however,  by  which  the  impurities  have  been 
removed  electrolytically,  is  chemically  very  inactive,  being  capable 
•of  remaining  in  dilute  hydrochloric  acid  without  being  attacked. 
A  speck  of  lead  or  iron  is  enough  to  start  a  local  attack.  This  is, 
by  the  way,  an  excellent  illustration  of  the  view  maintained  b}- 
Faraday,  that  corrosion  is  an  electrolytic  process,  needing  the 
presence  of  anodic  and  cathodic  areas  on  the  surface,  as  well  as 
that  of  an  electrolyte.  In  an  ordinary  metal,  the  cathodic  areas 
are  provided  by  particles  of  foreign  impurity,  such  as  precipitations 
in  grain  boundaries.  In  the  absence  of  such  cathodes  there  is  no 
■electrolytic  action  and  consequently  no  corrosion. 

The  same  conditions  apply  to  zinc.  The  zinc  manufactured  as 
pure  on  a  commercial  scale  is  not  attacked  by  acids,  and  in 
attempting  to  dissolve  it,  say  in  hydrochloric  acid,  some  foreign 
metal,  such  as  lead,  must  be  added  in  order  td  set  up  the  necessary 
galvanic  circuit.  Hence,  where  resistance  to  corrosion  is  required, 
pure  metals,  or  alloys  consisting  only  of  homogeneous  solid 
solutions,  such  as  certain  types  of  stainless  steel,  liave  great 
advantages.  Heterogeneity,  to  enable  corrosion  to  occur,  is  not 
necessarily  chemical.  A  metal  which  has  been  locally  cold-worked, 
such  as  a  st(?el  ship  plate  with  punched  rivet  holes,  is  very  liable 
to  local  attack  by  sea  water,  because  there  is  a  difference  of  electro- 
lytic potential  between  the  plate  in  its  normal  condition  and  the 
region  around  the  punched  hole,  which  becomes  the  «i\\odv  >\\\vV'\s 
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consequently  attacked.  A  piece  of  iron  wire,  hammered  at  one 
end  and  immersed  in  the  ferroxyl  reagent,  shows  the  hammered 
end  to  be  the  anode. 

Copper  is  often  required  in  a  highly  purified  condition  for 
electrical  purposes,  since  all  impurities  diminish  its  conductivity  to 
a  greater  or  less  extent.  A  comparative  study  of  the  effects  of 
impurities  on  copper  was  undertaken  at  the  National  Physical 
Laboratory  from  1920  onwards,  and  a  monograph  was  published 
summarizing  the  results.  Pure  copper  is  an  exceedingly  soft  metal, 
hardened  by  even  small  quantities  of  the  usual  impurities.  Com- 
mercial copper,  known  as  OFHC  (oxygen-free  high-conductivity) 
contains  not  more  than  0-004  per  cent  of  impurities,  and  rods  of 
this  metal,  with  a  tensile  strength  of  18'8  tons/sq.  in.,  have  an 
elongation  of  69  per  cent  on  2  in.  and  a  reduction  of  area  of  89  per 
cent.  Great  care  is  needed  in  the  preparation  of  such  a  metal,  as 
the  elimination  of  oxygen  and  of  the  usual  impurities  are  virtually 
incompatible  processes,  and  special  care  is  needed  in  obtaining  a 
proper  balance.  In  the  pure  condition  annealed  copper  has  little 
or  no  elastic  range,  and  elastic  properties  are  given  to  it  by  cold- 
working.  However,  wlien  the  electrical  conductivity  is  not  the 
chief  determining  factor,  small  additions  (less  tlian  1  per  cent) 
of  silver  will  confer  elastic  properties  on  the  metal  and  also  increase 
its  resistance  to  creep  at  higher  temperatures. 

Copper  from  certain  sources  is  liable  to  contain  arsenic,  antimony 
and  bismuth,  all  impurities  which  can  have  a  harmful  effect,  but 
that  effect  is  greatly  modified  by  the  presence  of  other  elements. 
Thus  oxygen  in  suitable  quantity  renders  bismuth  comparatively 
harmless.  In  the  study  of  such  cases  the  microscope  is  an  essential 
tool.  As  remarked  earlier,  the  total  quantity  of  an  impurity  is  of 
small  importance  in  comparison  w^ith  its  distribution,  and  oxygen 
exerts  its  effect  largely  by  altering  the  form  of  the  segregations. 
Precipitation,  even  of  a  brittle  constituent,  within  a  grain,  is  of 
trivial  importance  in  its  effect  on  mechanical  properties  in  com- 
parison with  segregation  at  the  boundaries  of  grains. 

Aluminium,  much  of  which  is  used  industrially  in  the  higlu^t 
attainable  state  of  purity,  is  very  sensitive  to  the  effects  of  foreign 
elements  in  small  quantity-.  Careful  studies  by  French  workers 
have  shown  marked  differences  between  two  samples,  estimated  to 
contain  99-998  and  99-990  per  cent  of  impurities  respectively. 
(Frequently,  little  importance  is  to  be  attached  to  such  figures,  and 
it  is  better  to  enumerate  the  impurities  actually  detected,  but  in 
this  instance  both  colorimetric  and  spectrograpliic  analyses  were 
used,  and  the  figures  given  may  be  accepted  as  correct). 

The  temperatun^  at  which  recrystallization  si^ts  in  on  annealing 
a  metal  which  has  been  previously  cold-worked  is  remarkably 
sensitive  to  the  effects  of  impurities.  For  instance,  silver  containing 
as  little  as  0-1  per  cent  of  copper  has  a  recrystallization  temperature 
40°  higher  than  that  of  pure  silver.  On  tlu^  other  hand,  some 
additions  actually  lower  the  temperature  at  which  recrystallization 
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occurs,  and  I  do  not  think  that  this  effect  has  been  adequately 
studied. 

Aluminium  of  high  purity  (reported  as  99-9986  per  cent)  after 
severe  cold-working  is  completely  softened  by  annealing  for  6  to 
10  minutes  at  the  temperature  of  boiling  water,  and  even  at  the 
freezing  point  of  water  annealing  occurs  spontaneously,  although 
slowly.  Even  an  addition  of  0-01  per  cent  of  further  impurity 
causes  a  marked  increase  in  the  temperature  needed  to  soften  the 
metal  appreciably. 

Dissolved  gases  must  bo  counted  among  the  important  and  often 
troublesome  impurities  in  metals.  Oxygen,  if  present,  is  usually 
in  the  form  of  oxide  and  contributes  to  the  non-metallic  impurities, 
but  it  has  an  exceptional  effect  in  the  *  spitting  '  of  silver.  The 
oxide,  AggO,  is  soluble  in  the  molten  metal,  but  as  the  silver 
solidifies  it  is  thrown  out  of  solution  and  at  once  dissociates, 
liberating  gaseous  oxygon.  With  copper  present  in  the  motal,  the 
oxygen  is  retained  as  the  stable  oxide  CugO,  and  no  spitting  occurs. 

Hydrogen  and  carbon  monoxide  are  both  frequent  causes  of 
nnsoundness  in  castings,  being  easily  soluble  in  many  molten 
metals  but  much  loss  so  in  the  solid  state,  except  in  a  few  special 
instances,  such  as  that  of  hydrogen  in  palladium.  Ordinarily,  these 
gases  are  liberated  during  solidification,  and  as  a  motal  usually 
freezes  in  the  form  of  dendritic  crystals  growing  from  the  sides  and 
the  base  of  the  ingot  mould,  bubbles  of  gas  are  trapped  between 
the  branches  of  the  dendrites,  producing  blowholes.  In  the 
laboratory,  this  difficulty  is  overcome  by  molting  and  casting 
in  vacuOf  and  this  device  is  sometimes  used  in  industry,  as  in  the 
production  of  alloys  for  electrical  resistance  wiras,  which  nmstf 
have  exceptionally  uniform  properties  throughout  their  length. 
At  the  Vacuum-Schmelz  GesoUschaft  at  Hanover  in  Germany  it 
was  remarkably  interesting  to  see  two  tons  of  metal  being  melted 
in  a  really  high  vacuum  and  the  gases  extracted.  That  was  making 
alloys  for  electrical  resistance  wire.  Where  such  special  equipment 
is  not  available,  it  is  best  to  arrange  the  casting  conditions  so  that 
the  metal  begins  to  freeze  at  the  bottom,  the  process  extending 
upwards,  so  that  the  liberated  gases  can  rise  tlurough  the  liquid 
without  being  trapped  by  the  growing  dendrites. 

The  rising  gases,  if  the  freezing  bo  so  controlled  that  they  are 
not  trapped,  sweep  the  suspended  particles  of  non-metallic 
impurities  with  them.  With  this  object,  the  passage  of  a  stream 
of  chemicall}'  inert  gas  may  be  used  as  a  means  of  cleaning  a  liquid 
metal  before  casting.  Much  use  was  made  of  this  device  in  work 
on  the  bght  alloys  at  the  National  Physical  Laboratory.  Non- 
metallic  inclusions,  which  have  an  unfavourable  effect  on  the 
mechanical  properties  of  a  metal,  rise  only  slowly  when  the  metal 
is  quiescent,  the  smallest  particles  taking  longest  to  rise,  as  expressed 
in  Stokes's  Law.  Gas  bubbles  rising  through  the  metal  tend  to 
entangle  the  small  particles  in  their  envelope ;  a  well-known 
surface  tension  effect ;    hence  they  rise  more  quickly  than  it  tbft 
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early  times,  and,  he  added,  it  was  largely  due  to  those  facts  that 
the  early  chemists  had  been  sustained  in  their  belief  that  a  base 
metal  could  be  enobled  by  transmutation.  He  went  on  to  sav 
that  their  prayers  had  been  answered,  but  not  at  all  in  the  way 
jvhich  thoy  anticipated,  because  industrially  speaking,  though 
perhaps  not  scientifically  speaking,  metals  wore  *  transmuted  '  by 
the  presence  of  small  amounts  of  impurities.  Then,  with  prophetic 
yision,  he  added,  *  Possibly  we  may  be  nearing  an  explanation  of 
the  causes  which  are  at  work  '. 

That  eyening  Dr.  Desch  had  giyen  them  the  results  of  work 
during  the  intervening  years  which  had  done  so  much  to  clear  up 
the  mysteries  of  that  time.  In  conclusion,  he  would  like  to  say 
that  he  felt  sure  that,  just  as  those  present  who  were  now  in  a 
somewhat  advanced  *  age-group  *  looked  back  to  distant  occasions 
when  their  teachers  and  lecturers  *  knew  in  part  and  prophesied  in 
part  *,  but,  at  the  very  best,  *  saw  through  a  glass  somewhat 
darkly  *,  so  the  younger  members  present  would  look  back  on  the 
present  occasion  as  a  memorable  one,  when  more  light  had  been 
thrown  on  those  problems  b}'  the  lecturer,  who,  with  his  unsurpassed 
gift  of  exposition,  had  shown  them  what  had  been  accomplished 
during  the  intei^ening  years. 

It  gave  him  great  pleasure  to  second  the  vote  of  thanks  which 
Mr.  Stanley  Robson  had  proposed. 

The  President  said  that  the  audience  had  already  shown 
their  enthusiasm,  but  he  formally  put  the  vote  of  thanks  which 
had  been  so  ably  proposed  and  seconded. 

The  vote  of  thanks  was  carried  bv  acclamation. 

* 

Dr.  Desch  thanked  Mr.  Robson  and  Dr.  Smith  for  their  very 
kind  words,  and  the  audience  for  the  very  kind  reception  of  his 
address. 

The  proceedings  then  terminated. 


*^*  Extra  cojnes  of  Ihis  Lecture  may  he  obtained^  at  a  cost  of 
Is,  Gd,  each,  at  the  office  of  the  Institution,  Salisbury  House, 
Finsbury  Circus,  London,  E.C.  2. 
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EIGHTH  ORDINARY  GENERAL  MEETING  of  the  68th  SESSION 

held  in  the  Rooms  of  the  Geological  Society  of  London,  Burlington 

House,  Piccadilly,  London,  W.  1,  on  Thursday,  16th  June,  1949 

Mr.  W.  A.  C.  Newman,  President,  in  the  Chair 

DISCUSSION  ON 

Notes  on  Mining  Education  and  Postgraduate  Training 

By  J.  A.  S.  RiTSON,  o.b.b.,  d.s.o.,  m.c,  Member 

The  President  said  that  the  discussion  at  the  meeting  would 
be  slightly  different  from  that  usually  resulting  from  the  customary 
technical  paper.  Professor  Ritson  was  to  introduce  a  discussion 
on  mining  education  and  postgraduate  training,  a  subject  in  which 
there  were  plenty  of  opportunities  for  varying  views.  There  were 
at  least  four  interested  parties  :  the  schools,  the  industry,  the 
student,  and  perhaps  the  Institution.  If  a  case  were  ultimately 
made  out  perhaps  they  should  keep  in  mind  what  could  be  done 
to  implement  it,  by  action  taken  by  one  or  more  of  these  parties. 

Professor  Ritson  said  that  he  was  very  well  aware  that  the 
notes  which  he  had  prepared  were  provocative.  That  was  deliberate, 
because  if  by  any  chance  it  were  possible  to  raise  a  genteel  dog-fight 
the  result  might  be  most  interesting.  He  had  never  minded  a 
hard  tackle,  was  quite  prepared  to  take  it,  and,  provided  he  was 
allowed,  was  willing  to  give  it.  So  that,  if  his  notes  were  received 
in  the  spirit  in  which  a  really  good  game  of  Rugby  was  played,  he 
would  have  achieved  his  object,  always  bearing  in  mind  that  after 
a  game  the  two  sides  generally  foregathered  and  all  differences 
were  forgotten. 

.  In  liis  view  there  were  three  authorities  concerned  in  the  educa- 
tion of  any  engineer  to-day  :  the  school  or  education  authority, 
the  University,  and  the  industry.  He  did  not  agree  with  the 
present  school  education  because  he  thought  a  boy  was  made  to 
specialize  in  technical  or  in  scientific  subjects  far  too  soon,  and  he 
was  quite  sure  that  in  the  long  run,  although  it  added  a  year  or 
two  to  liis  studies,  the  man  who  had  had  a  broad  training  in  the 
humanities  as  well  as  science  would  make  a  better  engineer.  He 
would  like  to  see  the  school  training  altered  to  meet  that  demand. 
The  same  thing  applied  to  the  University,  particularly  a  techno- 
logical college  of  the  type  with  which  he  was  connected.  He 
thought  the  course  at  the  Royal  School  of  Mines  was  lopsided. 
Students  were,  if  he  might  say  so,  well  trained  in  their  particular 
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subject,  but  that  foundation  was  not  broad  enough.  For  instance, 
very  few  University  graduates  and  not  many  mining  engineers- 
could  write  good  English.  Whose  fault  was  that  ?  It  lay  partly 
with  the  schools,  partly  with  the  University,  but  largely,  perhaps^ 
with  the  schools.  He  thought  that  was  a  groat  fault  in  general 
education,  and  if  it  were  possible  to  introduce  into  the  University 
training  something  which  would  overcome  that  one  defect — 
inability  to  write  clear,  concise  Enghsh — it  would  be  greatly  to 
the  advantage  of  the  future  enghieer. 

He  would  have  no  objection  to  introducing  into  his  School's 
curriculum  a  course  on  anv  of  the  liberal  arts — not  too  much  of  it, 
but  something  tt)  broaden  the  basis  of  education.  He  thought 
graduates  would  be  better  citizens  and  probably  better  engineers  if 
they  had  more  interests  outside  their  industry.  He  said  that 
because  one  of  the  principal  duties  or  jobs  of  a  mining  engineer 
was  human  relations.  Although  it  might  be  almost  impossible  to 
teach  that  particular  subject  attempts  were  being  made  to  outline 
general  principles.  Had  the  training  been  broader  in  his  younger 
days  he  was  sure  the  engineer  would  take  a  wider  view  of  his 
responsibilities  and  the  human  side  would  stand  higher,  or  as. 
high,  in  the  qualifications  of  an  engineer,  as  technical  efficiency  did 
to-dav. 

The  University  provided  a  foundation  of  basic  science  and 
applied  science  ;  beyond  that  it  could  not  go.  It  could  not  teach 
anything  like  human  relations  except  in  the  abstract.  That  had 
to  be  learned  by  experience  and,  unfortunately,  was  too  often 
learned  bv  trial  and  error,  with  disastrous  results.  One  wav  of 
getting  over  that  ditficulty  would  })e  to  allow  a  pcTJod  of  time, 
sav  two  vears  of  a  vounj^j  man's  life,  preferablv  immediatelv  after 
leaving  the  University,  to  bo  spent  in  actual  labour  with  manual 
workers.  The  young  man  learned  how  to  perform  manual  tasks, 
which,  in  itself,  gave  him  contidonce  when  he  had  to  control  others 
wlio  were  carrying  out  similar  work.  There  was  no  doubt  that  a 
mining  graduate  was  not  a  mining  engineer  ;  he  might  think  he 
was.  but  he  was  little  more  than  a  liability  to  the  company  wlu> 
employed  him  for  the  tirst  year  or  18  months.  After  he  had  had 
some  experience  in  the  mines,  say  a  couple  of  years,  if  he  was  any 
g(»od  he  would  become  an  asset.  Tlie  industry  must  realize  that 
when  they  took  on  a  young  man  tliey  had  to  complete  his  training  : 
the  University  could  not  do  it,  and  during  that  completion  period, 
however  l(mg  they  chose  to  make  it,  the  yoimgster  was  a  liabilitj% 
and  an  (expensive  liability.  Young  graduates  expected  high 
remuneration.  P'ranklv,  he*  did  not  think  thev  were  worth  it, 
but  they  got  it.  In  his  day  he  paid  to  bo  taught,  or  at  least  liis 
father  ])aid.  and  ho  was  very  sorry  in  many  respects  that  that 
apprenticeship  system,  in  which  boys  were  articlt»d  to  a  mining 
engineer  and  had  to  pay  a  cimsiderablo  sum  for  the  privilege,  was 
no  longer  in  existence  ])ecause  it  meant  that  the  young  man  got 
a  really  sound  training  in  the  practical  side  of  mining.     It  was  hia 
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view  that  a  new  graduate  was  not  a  mining  engineer  until  his 
theory  had  been  leavened  by  experience,  and  it  was  the  duty  of 
the  industry,  he  submitted,  to  provide  that  experience. 

Many  mines  had  excellent  training  schemes  on  paper,  but  he 
regretted  to  say — from  hearsay,  not  personal  evidence,  given  to 
him  by  returning  students — they  were  not  always  adhered  to. 
Young  men  coming  back  on  leave  often  told  him  that  they  had 
done  nothing  for  two  or  three  years  except,  for  instance,  measure 
air,  collect  dust-samples,  or  do  routine  sampling,  and  they  had 
had  little  or  no  experience  of  the  main  job  of  a  mining  engineer, 
that  of  breaking  ground.  The  young  man  to-day  when  he  went 
out  to  his  first  job  was  usually  keen  and  had  an  eye  to  the  future 
when  he  would  become  a  mine  manager,  and  he  thought,  possibly 
rightly  so,  that  if  he  was  kept  to  routine  jobs  for  two  or  three  years 
he  was  getting  nowhere  :  he  got  fed  up,  left,  and  wont  elsewhere. 
A  young  graduate  going  from  England  could  do  certain  jobs 
adequately  ;  he  could  measure  air,  ho  could  take  samples.  He 
was  willing  to  work  and  was  put  on  to  the  staff  of  some  senior 
mine  official  who,  for  example,  was  responsible  for  ventilation. 
The  ventilation  officer  found  the  lad  was  becoming  very  useful 
and  the  tendency  was  to  keep  him  there.  That  was  quite  under- 
standable from  the  point  of  view  of  the  official  and  possibly  from 
the  point  of  view  of  the  company,  because  the  young  recruit  was 
earning  his  keep.  As  a  long-term  policy  from  the  company's 
point  of  view,  however,  he  submitted  that  it  was  not  good,  and 
that  was  wh}'  he  was  pleading  for  a  recognized  scheme  of  training, 
extending  over  a  period  of,  say,  two  years,  during  which  the  young 
man's  jobs  would  be  card-indexed.  It  should  be  the  responsibility 
of  some  official  to  see  that  during  the  two  years  the  young  man 
carried  out  every  one  of  those  jobs.  He  suggested,  therefore,  that 
the  Universities  and  the  industry  were  partners  in  that  work  and 
that  some  model  scheme  of  training  should  be  prepared,  possibly 
by  the  Institution. 

As  far  as  he  was  concerned,  if  any  (mo  wished  to  criticize  in  any 
way  the  training  which  was  given  at  {he  Eoyal  School  of  Mines 
he  would  be  extremely  receptive  of  suggestions,  and  .if  they  were 
within  the  Regulations  of  the  College  he  would  do  his  very  best  to 
adopt  them.  He  know  he  had  no  right  to  suggest  to  a  company 
what  training  they  should  give  but  he  had  a  fairly  resilient  skin 
and  did  not  mind  punches,  and  was,  in  fact,  expecting  them.  He 
would  be  only  too  glad  to  hear  what  anyone  had  to  say  and  would 
try  to  answer  in  due  course. 

Mr.  Robert  Annan  said  that  the  President  had  asked  him  to 
open  the  debate,  and  that  was  his  sole  excuse  for  intervening  at 
that  stage.  He  had  already  warned  Professor  Ritson  that  he  did 
not  agree  entirely  with  all  that  he  had  said,  but  in  his  remarks  he 
would  not  attempt  to  deal  with  the  education  of  the  young  engineer 
before  he  entered  the  industry.     He  would  confine  himself  to  the 
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matter  contained  in  Professor  Bitson's  '  Notes  *,  published  in  the 
Bulleiinj  dealing  with  training  after  entry  to  the  industry. 

In  calling  attention  to  the  problem  of  postgraduate  training  for 
young  mining  engineers  he  thought  Professor  Eitson  had  done  good 
service  to  the  mining  industry  and  to  the  profession,  and  there 
would  be  general  agreement  with  much  that  he  had  had  to  say. 
As  ho  said,  it  was  the  function  of  the  mining  school  to  provide  a 
soimd  foundation  in  sciontiiic  principles.  In  the  time  available 
schools  could  not  and  should  not  attempt  to  do  more,  and  training 
in  the  application  of  those  principles  to  practical  problems  was 
something  which  should  be  done  within  the  industry  itself.  No 
one  with  experience  on  thtj  subject  could  deny  that  present 
conditions  were  unsatisfactory  in  many  respects,  and  far  too  many 
young  engineers  were  becoming  discouraged  in  the  early  stages  of 
thoir  career.  He  spoke  quite  feelingly  on  that  subject  because  it 
had  been  his  experience  that  that  did  occur  to  a  considerable 
extent,  sometimes  to  the  extent  that  the  young  engineer  abandoned 
his  profession  entirely.  The  industry  to-day  was  faced  with  an 
acute  shortage  of  tochiiically  traijied  men  and  wastage  of  that 
kind  was  inexcusable  from  every  point  of  view.  It  was,  therefore, 
opportune  to  discuss  the  underlying  causes  and  consider  carefully 
the  remedies  which  were  proposed. 

The  principal  complaint  was  stated  quite  simply,  that  the 
graduate  often  found  himself  in  a  routine  or  dead-end  job  from 
which  there  appeared  to  be  very  little  prospect  of  escape.  That 
happened  far  more  often  than  it  should.  It  could  only  arise  from 
lack  of  proper  inten^st  on  the  part  of  tho  maniigemi'iit  in  the  w*:*!!- 
being  of  the  junior  stiitT  and  l)y  '  niauageiuent  *  he  included 
everybody  from  tho  directors  downwards.  The  pre-occupations 
of  thn  mine  manager  were  many,  an<l  the  struggle  to  keep  down 
costs  incessant,  but  it  ^Yas  the  worst  kind  of  economy  to  permit 
wastages  of  trained  and  valuable  nu'n,  and  all  th«)se  concerned  in 
the  direction  of  mining  enterprise  should  be  alert  to  see  that  it 
did  not  happen,  no  matter  whether  it  was  in  the  small  mine  or  tbe 
large  organization.  Professor  ilitson  was  right  in  insisting  that 
the  functions  of  schools  should  be  conlhied  to  giving  the  basic 
theoretical  training.  Experience,  or  the  application  of  theory  to 
practical  problems,  could  only  be  found  in  actual  operations  and 
as  this  was  an  essential  part  of  the  equipment  of  a  mining  engineer 
it  was  up  to  the  industry  to  ])rovide  tlu'  oj)jK)rtunities.  So  far  the 
division  of  duti«?s  was  clear,  but  he  felt  that  Professor  Ritson  had 
not  sutTiciently  emphasize<l  the  respunsibiliti(\s  of  the  student 
himself. 

Till!  great  strength  of  the  educatitmal  system  in  (ireat  Britain 
had  been  the  insistence  that  the  studi^nt  himself  should  take  an 
active  part  in  his  own  education  and  that  he  should  be  something 
more  than  a  gramophone  record  of  what  he  heard  in  the  lecture 
room.  That  principle  appli(>d  with  equal  force  to  the  postgraduate 
student  when  he  came  to  apply  his  scientific  training  to  practical 
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problems.    Experience  he  must  have,  but  before  discussing  the 

suggested  means  of  securing  it  the  objective  should  be  defined  a 

little  more  clearly  and  one  should  ask  what  was  meant  by  experience. 

In  the  words  which  Tennyson  put  into  the  mouth  of  the  aged 

Ulysses  : 

Yet  all  experience  is  an  arch  wherethro* 

Gleams  the  untraveird  world,  whose  margin  fades 

For  ever  and  for  ever  as  I  move. 

pointing  out  that  experience  never  ended  for  any  man  whose  mind 
was  still  alive.  It  was  certainly  not  something  which  could  be 
acquired  in  a  short  postgraduate  course  or  in  a  limited  term  of 
years  and  then  packed  up  in  a  mental  toolbag  for  future  use. 
Experience  could  be  obtained  in  two  ways,  by  observation  and  by 
experiment.  That  acquired  b}-  observation  or  by  imitation  was 
essentially  backward  looking,  but  nonetheless  valuable  on  that 
account :  it  was  the  skill  of  the  craftsman,  the  *  know-how  \  of  the 
art  or  trade.  Given  too  much  emphasis  it  might  oven  be  an 
obstacle  to  progress,  as  the  late  Henry  Ford  and  many  others  had 
pointed  out.  Traditional  skill  might  avoid  the  errors  of  the  past, 
but  it  could  also  kill  ideas  for  the  future  and  bo  the  enemy  of 
experience  by  t'xperiment.  It  was  obviously  desirable  for  the 
mining  engint;er  to  get  a  largo  measure  of  traditional  experience 
as  early  in  his  career  as  possible,  but  that  was  by  no  means  the 
sole  objective.  The  whole  of  the  engineer's  early  training  was 
designed  so  that  he  might  bring  scientific  method  to  bear  upon 
new  problems  ;  it  was  not  sufficient  that  he  should  acquire  know- 
how  from  the  past — his  aim  should  always  be  the  improvement  of 
existing  methods  by  all  means  in  his  power.  It  was  that,  together 
with  the  qualities  of  leadership,  which  raised  him  above  the  status 
of  the  artisan. 

How  was  that  desirable  experience  to  be  obtained  ?  No  one 
would  dispute  that  it  was  wrong  that  trained  engineers  should 
be  kept  indefinitely  on  work  of  a  routine  nature.  The  remedy 
obviously  was  to  recruit  men  specially  for  this  kind  of  work,  men 
who  did  not  need  to  have  the  same  degri^e  of  technical  education. 
On  the  Hand  distinction  was  made  between  graduate  learners  and 
official  learners.  Professor  E  it  son  suggested  that  the  industry 
should  provide  a  regular  ])ostgraduate  course  of  instruction. 
Another  suggestion  frequently  made  was  that  thi»  young  engineer 
should,  of  his  own  initiative,  change  his  job,  and  even  the  districts 
in  which  he  worked,  at  frequent  intervals  in  the  early  stages  of 
his  career.  For  his  part  he  felt  that  a  set  course  of  instruction 
had  great  disadvantages.  Really  valuable  experience  was  not  to 
be  had  in  work  which  was  divorced  from  results.  There  was  not 
a  great  deal  to  be  learnt  in  any  job  when  things  wen^  running 
smoothly,  it  was  when  things  went  wrong  and  must  be  put  right 
urgently  that  real  experience  was  gained. 

When  a. graduate  joined  the  staff  of  a  mine  he  became  one  of  a 
team  responsible  for  getting  results  and  to  treat  him  as  a  student 
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was  to  introduce  an  element  of  unreality  and  undermine  his  sense 
of  responsibility.  As  a  member  of  a  team,  in  addition  to  his  own 
job,  he  had  the  opportunity  to  observe  and  discuss  the.  work  of 
his  team-inatos,  an  opportunity  which  should  not  be  missed.  He 
particularly  objected  to  the  suggestion  that  the  graduate  should 
in  every  case  be  given  the  status  of  an  official.  Nothing  could  be 
better  calculated  to  create  a  barrier  between  him  and  the  men 
from  whom  he  should  learn.  Mining  was  one  of  the  few  remaining 
occupations  which  gave  scope  for  individual  judgement  and 
initiative  and  the  skilled  miner  was  conscious  and  proud  of  it. 
By  tradition  ho  was  always  ready  to  transmit  his  knowledge  to 
those  who  were  prepared  to  serve  their  apprenticeship,  but  he 
would  not  do  so  freely  to  anyone  in  the  position  of  a  detached 
temporary  observer.  While  it  was  admittedly  \\Tong  to  keep  a 
trained  man  too  long  in  a  routine  job,  it  was  still  more  dangerous 
to  go  to  the  other  extreme.  There  was  a  great  deal  of  drudgery 
in  any  calling  and  the  value  of  the  experience  was  not  only  to  be 
measured  by  the  variety  of  the  impressions  received.  Success 
depended  rather  on  continuity  of  purpose  and  the  ability  to  see 
a  job  through  to  the  finish,  and  it  was  not  a  sound  principle  to 
suggest  that  as  soon  as  the  job  became  irksome  it  should  be 
changed. 

AVlien  a  graduate  left  school  he  should  become  a  member  of  his 
industry,  and  accept  responsibility  for  his  work  to  a  greater  degree 
as  his  capacity  increased.  Growth  of  experience  was  necessarj% 
development  of  character  still  more  so,  and  any  device  which 
retarded  the  acceptance  of  responsibility  was  a  step  in  the  wrong 
direction.  The  graduate  should  be  given  a  responsible  if  small 
part  in  his  industry  ;  a  sot  coursi^  of  training  was  not  advisable 
and  frt?qii(int  changes  in  (Muployment  might  do  more  harm  than 
good. 

The  solution  of  these  problems,  he  believed,  was  entirely  in 
their  own  hands.  The  operating  staff  of  the  mining  industry* 
was  composed  of  mining  engineers  and  it  was  for  thom  to  ensure 
that  those*  who  followed  after  should  have  a  fair  chance  of  develop- 
ment. If  companies  were  to  be  persuaded  to  take  on  young  men 
on  a  basis  which  was  not  strictly  commercial  they  should  apply 
the  necessary  pressure.  It  had  always  been  a  tradition  of  the 
profession  to  hand  on  such  skill  and  knowledge  as  they  had  and  it 
only  needed  a  reminder  such  as  Professor  Eitson  had  given  to 
ensure  that  sonuithing  was  done. 

In  conclusion,  niidit  he  sav  to  those  in  control  of  industrv  that 
in  tlu?  end  they  would  be  tbe  chief  sufferers  if  those  opportunities 
for  training  young  men  were  not  available,  and  they  should  instruct 
their  mana^'ers  acct)rdingly.  To  the  profession  he  would  say 
that  they  were  in  far  the  best  position  to  do  something  and  it 
was  up  to  them  to  do  it.  adding  a  plea  for  a  flexible  method  as  all 
subjects  did  not  respond  alike.  To  the  graduate  he  would  say, 
experience  was  not  givi^i,  it  was  gotten,  and  if  at  times  the  going 
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seemed  hard,   he  should  remember  that   '  Tribulation  worketh 
patience,  patience  experience,  and  experience  hope '. 

Mr.  S.  E.  Taylor  said  that  he  spoke  with  some  trepidation 
after  the  eloquent  contribution  by  Mr.  Annan.  He  thanked 
Professor  Eitson  most  heartily  for  having  brought  the  subject 
forward  and  particularly  for  the  way  in  which  he  had  done  so. 
Although  he  had  been  purposely  provocative  he  had  been  unable 
to  avoid  giving  much  sound  advice. 

Knowing  that  a  number  of  members  who  would  like  to  have 
expressed  themselves  at  the  meeting  were  unable  to  attend  he  had 
communicated  with  two  who  had  sent  him  their  notes.  He  would 
refer  to  them  before  giving  his  own  observations.  Apart  from  the 
general  discussion  on  the  subject  he  felt  that  actual  experience  and 
facts  from  various  places  would  add  materially  to  the  discussion 
and  he  was  able  to  give  notes  referring  to  the  Kolar  Gold  Field 
and  a  recent  experience  in  Canada. 

On  the  Kolar  Gold  Field  all  new  graduates  started  off  as  junior 
officials  vnth  full  official  status.  There  were  no  hard-and-fast 
rules  and  no  timetables  such  as  those  outlined  in  Professor  Ritson's 
*  Appendix  '.  A  young  man  joining  the  underground  department 
started  off  in  the  survey  office,  where  he  served  for  a  period  of  six 
months  or  even  twelve  months,  depending  on  circumstances  and 
on  the  man  himself.  There  he  gained  a  knowledge  of  the  mine 
plans  and  was  soon  able  to  tind  his  way  around — in  a  large  and 
ramified  mine  geography  was  quite  a  lesson  to  be  learnt.  During 
that  time  he  was  employed  on  various  jobs — such  as  sampling, 
air  measurement,  routine  surveying,  and  drawing-office  work. 
The  main  purpose  of  the  period  was  to  instruct  him  in  the 
geography.  On  completion  of  that  period  he  was  transferred  to 
the  underground  department  and  there  he  acted  as  assistant  to 
an  experienced  official.  Under  the  guidance  of  that  official  he 
gained  a  thorough  knowledge  of  the  practical  side  of  mining  and 
understood  the  problems  connected  with  such  important  factors 
as  ground  control,  stoping  methods  and  breaking  ground,  develop- 
ment, ventilaticm,  lire  protection,  and,  indeed,  all  the  sundry 
aspects  of  underground  work.  Most  important  of  all,  ho  acquired 
a  knowledge  of  the  handling  of  men. 

After  two  or  three  years  he  became  a  competent  underground 
official  and  was  able  to  take  over  the  supervision  of  a  small  section 
under  the  guidance  of  the  chief  underground  agent.  A  yoimg 
man  who  elected  to  remain  in  the  survey  department  followed 
much  the  same  initial  training,  but  was  brought  on  to  carry  out 
the  more  responsible  survey  work  and  was  made  acquainted  with 
methods  of  ore  reserve  estimation  and  the  general  principles  of 
running  a  modern  survey  office.  The  graduate  entering  the 
metallurgical  department  started  in  the  assay  office  and  then  was 
transferred  to  the  reduction  plant  where  he  became  conversant 
with  various  methods  of  reduction  and  concentration,  iu^ilvi^xsi^ 
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gold  smelting,  and  finally  went  to  the  cyanide  plant. 

In  spite  of  those  arrangements  there  were  one  or  two  ways  in 
which  the  training  was  most  certainl}''  capable  of  improvement, 
both  for  the  benefit  of  the  industry  and  the  individual,  and  it  wag 
there  that  the  suggestions  and  provocative  remarks  of  Professor 
Eitson  were  so  helpful.  The  first  point  was  that  a  new  entrant 
into  the  industry  should  have  the  chance  of  gaining  experience  in 
branches  of  the  industry  other  than  his  own — that  is,  a  mining 
man  should  know  something  about  the  reduction  department  and 
the  metallurgist  something  about  the  mining  department.  While 
he  might  not  ultimately  require  to  use  that  experience  it  certainly 
was  of  great  assistance  to  him  in  understanding  and  appreciating 
the  difficulties  to  be  surmounted  by  his  colleagues  m  other  depart- 
ments of  the  mine  and  unless  the  whole  team  worked  together  it 
was  never  satisfactorv.  At  least  two  years  of  actual  work  in  and 
about  the  mine  was  of  the  utmost  importance  in  a  \'Oung  engineer's 
training.  Some  graduates  had  the  necessary  experience,  but 
many  of  them  had  a  very  hazy  idea  of  how  to  set  about  doing  a 
job  in  a  practical  manner,  and  it  was  most  noticeable  that  those 
who  had  had  two  years'  experience  in  and  around  a  mine,  had 
grasped  the  essentials  of  the  job  and  had  a  better  understanding 
of  the  psychology'  of  the  workmen.  In  those  days  of  ever-increasing 
importance  of  labour  problems  it  was  more  important  than  ever 
to  see  that  the  young  administrator  had  an  understanding  of  them  ; 
it  was  so  important  that  a  course  of  labour  management  could, 
with  advantage,  b(»  included  as  part  of  the  training  in  the  schools 
and  Universities,  ovon  at  the  expense  of  other  technical  subjects. 

Apart  from  thoscj  remarks  which  referred  to  the  graduates 
coming  from  Great  Britain  there  was  also  a  scheme  dealing  with 
Indian  graduates,  and  for  a  number  of  years  tlu*re  had  been  a 
scheme  in  operation  which  was  much  more  definite,  because  there 
was  a  regular  intake  of  so  many  graduates  a  year.  They  had  all 
had  much  the  same  training  and  so  it  was  possible  to  have  a  more 
regular  system.  In  that  syst(^m  th<'  graduates,  who  might  or 
might  not  have  taken  a  mining  degree,  were  taken  on  as  proba- 
tioners for  a  period  of  two  years.  During  the  probation  period 
they  were  paid  a  monthly  salary  and  givt^n  quarters  and  accorded 
all  the  necessary  privileges  ;  for  18  months^  they  were  employed 
in  the  actual  performance  of  manual  work  in  all  spheres  of  the 
operation.  They  spent  time  in  each  job,  varying  from  one  to 
three  montlis  ;  the  scheme  had  bei^n  most  successful  and  had 
resulted  in  training  many  excellent  and  capable  officials.  The 
actual  carrying  out  of  manual  work  was  the  most  important  part 
of  the  training,  as  most  of  them  had  never  done  any  kind  of  manual 
work  previously. 

The  other  notes  to  which  he  would  refer  concerned  Canada. 
The  Canadian  mining  schools  had  the  great  advantage  of  easy 
access  to  mining  areas  of  difTt»r(»nt  types  and  mines  of  different 
.sizes  and  that  was  partly  the  reason  why  th(*  syllabuses  tended 
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to  be  more  practical  and  less  theoretical  than  in  Britain.  The 
present  tendency  was  towards  greater  specialization  in  the  last 
year  of  the  course,  which  might  tend  to  raise  the  standard  of  the 
theoretical  as  well  as  solving  the  problem  of  fitting  an  increasing 
number  of  subjects  into  the  syllabus.  In  the  syllabus  there  had 
to  be  concentration  on  the  underlying  fundamentals  of  the  methods. 
The  mining  graduate  could  not  have  much  detailed  knowledge  of 
all  the  operations  which  made  up  the  routine  of  the  mine,  but  he 
should  have  a  sufficiently  good  theoretical  background  to  enable 
him  to  study  and  understand  any  operation  with  which  he  came 
into  contact.  In  Canada  it  was  expected  that  every  student 
should'  work  in  a  mine  during  the  summer  vacation,  which  allowed 
about  three  months  for  that  work.  The  attitude  of  the  mines 
towards  students  had  greatly  changed  and  students  were  now 
well  received  and  given  the  opportunity  to  become  conversant 
with  a  number  of  jobs  while  at  the  same  time  earning  a  day's  pay. 
Ho  could  live  in  the  bunkhouse  and  save  enough  money  to  be  of 
material  assistance  in  meeting  his  University  expenses.  The 
three  available  summers  could  be  spent  on  a  base  metal  mine,  a 
gold  mine,  a  prospect  or  a  mine  in  the  development  stage,  thus 
providing  valuable  experience  without  any  complications  of  official 
status  or  native  labour. 

His  own  views  were  that  in  approaching  the  subject  it  seemed 
there  was  a  very  wide  variety  of  conditions  and  individuals  to  be 
considered  and  for  that  reason  any  hard-and-fast  scheme  was 
quite  impossible  ;  even  a  model  scheme  of  training  would  have  to 
have  such  a  wide  range  of  applications  that  it  might  be  very 
difficult  to  draw  one  dp  which  would  be  useful  to  all. 

The  desirability  of  getting  practical  experience  both  manually 
and  in  the  junior  supervisory  positions  was  obvious,  and  the 
question  was  how  it  was  to  bo  done  to  the  best  advantage  of  all 
concerned.  Once  the  general  idea  was  more  clearly  and  fully 
understood  he  thought  the  industry  must  work  it  out.  It  was 
vejry  much  the  responsibility  of  the  mine  manager.  However,  it 
was  not  always  realized  how  much  a  graduate  with  initiative  could 
help  himself.  It  depended  a  great  deal  on  the  individual :  how  he 
took  advantage  of  opportunities  which  might  come  his  way. 
There  was  an  old  saying  that  *  God  helps  those  who  help  them- 
selves *  and  if  a  student  was  keen  enough  both  in  observation  and 
in  endeavour  he  would  find  that  opportunities  could  be  found  and 
taken  advantage  of.  He  felt  sure  that  once  it  was  realized  that  a 
young  man  was  out  to  learn  and  gain  experience  he  would  find  a 
very  sympathetic  attitude  on  the  part  of  the  management  in 
nearly  every  case. 

There  were  many  cases  where  this  period  of  training  which  was 
so  desirable  was  impossible  if  a  particular  job  had  to  be  done. 
Sometimes  a  man  arrived  on  a  mine  and  somebody  was  taken  ill 
and  he  just  had  to  step  right  into  the  job  and  make  the  best  of  it 
and  any  question  of  training  did  not  come  up.     That  was  ow^  ^q»x\» 
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of  variation  of  conditions  which  was  so  great  that  it  was  difficult 
to  lay  down  rigid  rules. 

Then  there  was  the  other  aspect  of  the  question,  which  had 
been  pursued  with  such  success  on  the  metallurgical  side,  and  that 
was  the  institution  of  travelling  scholarships,  both  for  students 
and  graduates.  He  did  feel  that  that  method  of  obtaining 
experience  in  different  iields  and  in  different  types  of  work, 
giv^n  the  right  individual  and  the  right  keenness,  could  be  most 
valuable.  Personally,  he  would  welcome  a  scheme  for  under- 
graduate travelling  scholarships  and  for  graduate  traveUing 
Bcholarsliips  in  mining,  provided  there  was  careful  control  by  a 
selection  committee  to  make  sure  that  the  men  who  were  awarded 
such  scholarships  would  take  full  advantage  of  them.  The  scheme 
could  embrace  not  only  the  student  and  the  new  graduate,  but 
also  the  man  who  had  had  a  tour  of  experience  of  one  to  three 
years.  He  thought  a  great  deal  might  be  done  along  those  lines 
to  improve  the  opportunities  given  to  suitable  men  to  widen  their 
experience. 

Finally,  he  had  folt  that  it  was  very  easy  to  exaggerate  the 
faults  of  the  present  system  and  schemes.  He  entirely  agreed 
that  criticisms  could  be  made,  mistakes  occurred  and  faults  could 
be  put  right,  but  there  was  in  existence  a  very  flexible  and  perhaps 
not  too  exact  system,  which  worked  passably  well,  and  by  and 
large  some  pretty  good  material  was  turned  out.  If  improvements 
were  to  be  made  he  would  suggest  that  they  should  be  considered 
with  tho  gn'atost  ('11x1%  that  sweeping  moditications  should  not  be 
made  or  wonderful  schemes  introduced  unless  they  were  quite 
sun^  that  they  really  \v(»re  iniprovcMnents. 

Dr.  R.  W.  Revans*  said  that  In*  had  not  prepared  any  remarks 
and  all  hr  could  (juote  were  sonn*  of  the  plans  which  the  Coal 
Board  wen?  makinj:;  to  tackle  th*'  subject.  He  did  not  claim  any 
originality  for  them  :  he  thou^'ht  the  bulk  of  the  advice  came  in 
the  tirsl  place  from  Professor  i\itson,  so  perhaps  what  he  was 
going  to  say  had  already  betii  said  In'  Professor  Eitson  in  different 
words. 

WluMi  tht?  industry  was  nationalized  it  was  clear  that  there  was 
wanted  at  once  a  large  nuiiilxT  of  tirst -class  mining  engineers — at 
least  *200  a  year  for  the  iivxt  ten  y«'ars.  A  problem  of  that  size 
could  not  be  dealt  with  casually  ;  there  must  be  a  plan.  There 
were  j'leveii  I'liiversitij-s  ntTering  mining  training  and  from  them 
200  nu-ii  could  be  turncul  out  every  year  fairly  readilv  :  not  all  of 
thos«j  at  present  graduating  remained  in  the  country  and  the  task 
was  to  iHTsuade  another  100  to  vnU^r  the  i)rofession.  The  Insti- 
tuti«)n  of  Mining  Engineers  drew  up  a  scheme  similar  to  the  one 
put  forward  by  Professor  Kitson  suggesting  that  the  three  years 
of  fxjwrience  which  a  graduate  must  spend  below-  ground  in  any 

*  Director  of  Ediirutiuu,"  National  Coal  Board. 
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case  should  be  spent  in  some  kind  of  ordered  way ;  what  that 
ordered  way  should  be  had  been  taken  from  the  collected  wisdom 
o£  the  industry.  There  had  been  cases  where  men  had  been 
working  on  the  coal  face  on  the  Saturday  shift  and  had  gone  back 
to  manage  the  mine  on  the  Monday.  Although  they  had  had 
experience  as  underground  workers,  what  insight  they  had  also 
acquired  into  the  problems  of  management  he  did  not  know. 

The  Coal  Board  had  taken  up  the  scheme  of  the  Institution  of 
Mining  Engineers  and  said  that  henceforth  the  200  men  whom  it 
was  desired  to  get  into  the  industry  should  be  given  three  years 
of  directed  practical  training.  Essentially,  that  meant  that  a  man 
was  going  to  be  attached  to  an  area  general  manager  or  a  practising 
mining  engineer  and  he  was  going  to  spend  two  of  his  three  years 
in  one  area  or  even  at  one  selected  colliery,  and  in  his  third  year, 
once  he  had  seen  the  organic  structure  of  the  mine  and  knew  the 
relation  of  one  job  to  another,  he  would  work  in  other  mines  and 
perhaps  have  a  period  abroad.  He  did  not  think  there  was  any 
point  in  commenting  on  the  details  of  the  scheme  ;  Urst,  because 
he  had  not  got  them  with  him  and  could  not  remember  them  and, 
secondly,  because  not  being  a  mining  engineer  he  could  not  pretend 
to  know  the  value  of  this,  that  or  the  other.  The  scheme  was 
intended  to  be  exporinifntal  and  if  it  was  discovered  after  a  few 
years  that  more  stress  should  be  put  on  one  feature  of  the  practical 
experience  than  the  other,  the  Coal  Board  would  make  the  necessary 
adjustments.  If  there  were  200  men  a  year  in  three  years  there 
would  be  600  and  a  great  deal  would  be  learnt  about  the  proper 
sequenc(»  of  training  :  obviously  if  the  same  scheme  were  in  force, 
without  anv  modification,  in  ten  veara  the  Coal  Board  would  not 
have  deserved  to  learn  anything. 

On  the  question  of  University  education  he  could  speak  perhaps 
with  a  little  more  authority  and  ho  thoroughly  agreed  with  what 
Professor  Ritson  had  said  about  liberalizing  the  theoretical  course. 
He  was  a  graduate  of  an  American  University  and  they  had  recog- 
nized that  one  of  thc^  crying  neeMls  of  the  technological  course  was 
to  introduce  into  it  somei  of  the  humanitii?s.  At  California  Institute 
of  Technology,  which  had  been  responsible  f(»r  emu  of  the  greatest 
pieces  of  precision  engineering  for  all  time — tlu*  200-in.  telescope — 
the  engineering  degree  course  lasted  four  years  and  included  the 
equivalent  of  one  y(?ar  of  humanistic  or  liberalistic  studies.  Ho 
was  perfectly  sure  that  an  element  of  liberal  study  was  essentially 
lacking  from  most  of  the  mining  degree  courses  at  the  moment 
and  the  professors  themselves  were  considering  what  could  be 
done  to  introduce  it. 

Mr.  E.  G.  Lawford  said  that  Mr.  Annan  had  said  most  of 
what  he  had  in  his  own  mind,  and  had  expressed  it  far  better  than 
he,  the  speaker,  could  ever  have  hopiul  to  have  done.  Mr.  Annan's 
contribution  to  the  discussion  was  so  full  of  wisdom  and  so  entirely 
to  the  point  that  he  hoped  that  it  would  be  possible  to  print  it 
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as  a  separate  pamphlet   for  circulation  to  boards  of  directors, 
managements  and  others  in  the  mining  industry. 

Continuing,  the  speaker  said  that  he  felt  that  it  was  a  mistake 
to  prolong  the  period  of  education  in  the  way  suggested  by  Professor 
Ritson,  because,  in  his  view,  it  was  psychologically  bad  for  the 
graduate  to  b(i  paid  numey  without  having  to  do  some  sort  of 
responsible  work  for  it.  It  was  only  when  a  graduate  earned  his 
first  money  for  doing  a  d(»linite  job  on  a  mine  that  he  finally  '  put 
away  childish  tilings  '  and  ])ecame  a  man,  and  it  was  important, 
in  his  view,  not  to  defer  that  stage  of  his  development  by  two 
years  of  postgraduate  training.  At  the  samt?  time,  it  could  not 
be  denied  that  the  manual  work  outlined  in  Professor  Hitson's 
schedule  of  postgraduate  training  was  very  necessary,  and  they 
were  bound  to  consider  how  that  experience  of  the  various  manual 
tasks  in  mine  operation  could  be  given  to  the  young  mining 
enginet-r.  He  would  like  to  suggest  that  it  should  be  possible  to 
increase  the  amount  of  that  kind  of  work  done  hi  vacation  periods 
and  that  every  minute  of  vacation  time  should  be  used  to  acquire 
that  experience. 

Even  so,  he  felt  that  the  available  time  was  not  sufficient,  and 
he  suggested  that  every  young  man  entering  a  University  school 
of  mining  should  be  required  to  spend  one  year  underground 
immediately  on  leaving  his  public  or  secondary  school  and  prior 
to  entering  the  University.  During  that  year  he  would  be  given  a 
systematic  course  of  manual  work — i.e..  timbering,  track-laying, 
mucking,  and  the  like.  His  work  during  subsequent  vacations 
should  be  graded  so  that  the  later  work  embraced  handling 
machines  and,  ]at(T  still,  air  measurement,  dust  sampling  and  like 
matters  calling  for  some  scientific  knowledge  and  manipulative 
skill. 

The  speaker  was  very  much  at  one  with  l^rofessor  Hitson  in 
desiring  to  see  the  humanities  more  promini^nt  in  the  educaticni  of 
the  miiiiu'^  engineer  than  tliey  wen*  at  pres(»nt.  It  ought  not, 
however,  to  be  necessary  to  include  the  humanities  in  the  Universitv 
mining  courses  if  ev(»rv  young  man  entering  mining  could  complete 
his  sixth  form  work  in  classics  before  he  touched  chemistry  and 
physics.  The  present-day  t«'ndency  of  the  public  and  secondary 
schools  to  teach  physics,  chemistry,  mathematics,  and  mechanics 
almost  up  to  intermediate  standard  inevitably  meant  insufficient 
education  in  tin*  classics  and  humanit  i<?s.  If  a  scheme  were  devised 
under  which  ♦♦very  young  man  entering  mining  lirst  had  to  do  one 
vear  mi<ler<;round.  part  of  that  year,  sav  one  day  a  week,  could 
b<^  spent  in  bringing  liis  mathematics,  physics,  and  chemistry  up 
to  matriculation  standard.  That  would  enable  him,  while  at 
school,  to  remain  on  the  classical  side  and  would  ensure  a  balanct»d 
education. 

Exactly  lu»w  that  could  be  done  would  have  to  be  worked  out 
but  he  siigg«'ste(l  that  in  most  mining  communities  there  would 
always  bt*  found  either  some  outside  teacher  or  a  member  of  the 
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Start*  who  would  be  able  to  teach  a  sufficiency  of  chemistry,  physics 
and  mathematics  to  bridge  the  gulf  between  the  knowledge  of 
those  subjects  acquired  during  a  predommantly  classical  education' 
at  school  and  that  necessary  to  pass  the  entrance  examination  of 
University  schools  of  mining. 

To  summarize,  the  ideal  education  for  the  mining  engineer 
would  be  : 

Up  to  age  17  plus  :  on  the  classical  side  at  public  or  secondary 
school. 

17  pliis  to  18  pluLS  :  four  days  a  week  underground  on  a  definite 
training  curriculum  in  manual  tasks.  One  day  per  week  elementary 
chemistry  and  physics,  mathematics  and  mechanics  up  to  matricu- 
lation standard. 

IS  plus  to  22  phis  :  University  course  in  mining  engineering  with 
as  much  vacation  underground  work  as  could  be  contrived. 

Mr.  A.  R.  O.  Williams  said  that  most  engineers  would  agree 
that  to  be  deemed  quahfied  a  graduate  must  have  had  some  practical 
experience.  Professor  Ritson  had  suggested  that  that  should  be 
gained  after  graduation  and  amount  to  two  years.  In  the  speaker's 
view  that  would  be,  and  in  fact  to-day  was,  unpopular  w^th  young 
graduates.  On  the  Rand,  to  quote  an  example,  graduates  were 
required  to  undergo  a  course  of  practical  instruction,  along  the 
lines  now  proposed  by  Professor  Ritson,  lasting  from  one  to  two 
years — the  duration  varied  between  the  mining  groups — before 
being  appointed  ofl&cials,  and  that  was  not  proving  attractive  to 
those  leaving  the  schools  of  mines  in  Britain  at  any  rate. 
They  preferred  to  accept  appointments  on  other  mining  fields, 
appointments  which  had  an  official  status  and  carried  some  definite 
measure  of  responsibility.  After  three  or  four  years  of  hard  work 
at  a  school  of  mines  to  gain  a  degree  the  offer  of  a  post  bearing 
for  two  years  the  unattractive  title  of  *  learner  '  was  something 
of  an  anti-climax  and  in  his  opinion  understandably  so. 

He  felt  that  the  aim  should  be  the  production  of  engineers  who 
at  the  time  of  graduation — that  was  the  point — could  claim  with 
justification  to  be  fully  qualified  by  virtue  of  their  theoretical  and 
practical  training  and  who  therefore  would  be  capable  of  filling 
immediately  appointments  of  a  junior,  but  nevertheless  responsible, 
nature.  The  minimum  amount  of  that  pre-graduation  practical 
training  or  experience  could  be  assessed  only  arbitrarily,  for,  as 
Mr.  Annan  had  observed,  an  engineer  never  ceased  gaining 
experience.  He  believed  that  the  aim  could  be  achieved  without 
altering  the  amount  or  character  of  the  theoretical  training  given 
at  the  several  schools  of  mines  in  Great  Britain  by  spacing  their 
terms,  which  corresponded  more  or  less  to  that  of  the  secondary 
schools,  on  the  hues  followed  in  Canada  and,  he  believed,  the 
U.S.A.  This  would  lengthen  the  summer  vacation  to  at  least  five 
months  and  allow  of  very  much  more  practical  training  being  done 
by  students  prior  to  graduation  than  now  was  possible.     Suck 
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training  could  well  be  given  in  Britain  and  on  the  Continent; 
Canada  too,  only  a  short  sea  journey  away,  ofifered  good  oppor- 
tunities. 

Mr.  G.  Keith  Allen  said  that  it  was  apparent  from  the  author*9 
introduction  of  his  paper  that  he  hoped  for  a  clash  of  opinion  with 
the  views  he  put  forward,  and  that  thereby  more  useful  discussion 
would  ensue.  The  speaker  confessed  at  the  outset  that  in  him  at 
least  Professor  Ritson  would  be  disappointed,  because  he  found 
himself  in  general  agreement  with  his  remarks.  Nevertheless,  he 
hoped  he  could  contribute  something  useful  to  the  subject. 

Professor  Eitson  spoke  mainly  from  the  standpoint  of  the 
young  engineer,  whereas  he  spoke  more  from  that  of  the  employer. 
In  practice  there  was  not  truly  much  difference,  for  the  best 
conditions  of  service,  in  a  wide  sense,  were  advantageous  to  both — 
if  they  were  not,  something  was  wrong.  No  one  would  deny,  he 
thought,  that  the  industry  w^as  suffering  from  a  shortage  of 
technically- trained  men,  due  largely  to  the  war  years,  when  the 
mining  schools  were  turning  out  few  students  and  metal  mining, 
unless  it  happened  to  be  a  strategic  metal,  was  in  dire  competition 
with  more  important  wartime  operations.  Since  the  war  there 
had  been,  in  fact,  a  seller's  market  in  respect  of  employment  as 
well  as  of  commodities,  but  he  suggested  that  the  time  was 
approaching  when  conditions  would  be  more  alike  to  a  buyer's 
market — that  because  the  rapid  increase  in  nationalism  throughout 
the  world  was  gradually  limiting  the  opportunities  abroad  for 
mining  enginiMTS  and  mining  schools  were  now  running  to  capacit}'. 
In  otlior  words,  supply  might  overtake  demand. 

He  did  not  intend  iliat  to  be  ii  gloomy  forecast  of  coming  events, 
but  morrly  sug^csti^d  iliat  it  was  a  factor  which  the  young  graduate 
in  applying  for  a  position  should  boar  in  mind.  He  would,  if  he 
was  \\m\  clioose  his  job  loss-  much  less  — for  the  conunencing 
salary  (jttorod  than  for  the  gaining  of  experience  and  future  prospects 
of  promotion  in  his  profession. 

Promotion,  however,  could  be  to()  rapid,  and  although  it  might 
be  gratifying  to  tbt*  individual  at  tlu'  time,  he  might  find  it  a 
handicap  if  he  left  for  another  mine  or  iiuld  and  found  he  had  not 
had  those  few  years  of  practical  experi«:'nce  which  were  so  necessary 
before  he  could  lill  satisfactorily  even  a  mine  captain's  job.  He 
fully  endorsed  the  auth«)r's  statement  that  the  graduate  should 
have  at  least  fivi*  years'  training  before  he  could  be  considered  a 
qualified  engineor. 

AVliat  was  of  concern  to  the  young  enginei^r  was  where  he  could 
best  get  the  postgraduate  training  of  the  type  suggested  by 
Professor  Hitson,  and  which  was  most  desirable.  As  indicated 
in  the  ]iaper.  most  large  mines  and  mining  groups  had  schemes 
of  training];  laid  down,  but  he  was  inclined  to  agree  with  the  author 
that  rhnse  schemes  were  not  always  honoured  in  practice,  at 
least   as  fully  as  they  should  be.     The  reason  was  simple  ;    the 
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primary  function  of  the  manager  of  a  mine  was  to  operate  the 
mine  at  a  profit.  A  gold  miner  to-day  often  considered  himself 
fortunate  if  he  could  even  just  make  ends  meet.  It  was  only 
natural,  therefore,  that  when  he  had  an  employee  doing  a  good 
and  profitable  job  he  was  inclined  to  leave  him  in  it — it  was  one 
worry  off  his  mind.  It  did  not  help  the  young  engineer  and  that 
was  a  matter  which  the  speaker  had  had  in  mind  for  some  time, 
and  he  trusted  that  the  publication  of  Professor's  Eitson's  paper 
in  the  BuUetin  would  do  something  towards  reminding  senior 
officials  and  managers  of  the  duty  the  industry  owed  to  the  young 
engineer. 

When  interviewing  candidates  for  work  in  the  group  of  mines 
with  which  he  was  connected  he  frequently  discussed  that  point 
with  them,  and  his  advice  to  them  was  that  if  they  found  that 
they  were  not  gaining  the  general  experience  they  were  led  to 
expect,  they  should  have  no  hesitation  in  drawing  the  attention 
of  the  mine  management  to  it.  Generally,  all  that  was  needed 
was  such  a  reminder  at  the  right  time  and  in  the  right  quarter. 

The  author  had  set  out  in  his  paper  an  outline  of  postgraduate 
schemes  covering  South  Africa  and  Northern  Ehodesia  and  it 
would,  perhaps,  be  helpful  if  he  gave  particulars  of  a  similar 
scheme  introduced  some  three  years  ago  by  the  group  of  gold 
mines  in  the  Gold  Coast  with  which  he  was  associated.  Eealizing 
the  need,  after  the  war,  to  ensure  that  the  industry  had  available 
in  the  future  for  promotion  to  senior  positions  technically  educated 
men  of  adequate  practical  training,  two  new  categories  of  employ- 
ment were  introduced  :  (1)  the  technical  mining  assistant  and 
(2)  the  technical  reduction  assistant.  Technical  mining  assistants 
were  selected  from  graduates  who  had  specialized  in  mining. 
During  their  first  three  tours  of  service  (for  underground  men  a 
tour  was  12  months*  service  on  the  mine)  the  intention  was  that 
apart  from  working  normal  shifts  in  the  various  underground 
sections  they  should  serve  at  least  six  months  in  the  survey 
department  including  ventilation  and  sampling,  etc.,  and  a  short 
period  perhaps  in  the  assay  office  and  the  reduction  plant. 
Experience  in  the  stores  and  accounts  department  was  also 
visualized.  The  commencing  salary  of  the  technical  mining 
assistant  was  £45  per  month,  and  at  the  end  of  the  third  tour  he 
should  find  himself  in  receipt  of  a  salary  of  £72  10s.  per  month 
and  would  be  at  the  level  of  an  assistant  mine  captain.  From 
that  point  onwards  he  would  be  in  competition  for  promotion 
with  the  assistant  mine  captain  who  had  come  up  by  the  hard 
way. 

The  technical  reduction  assistant  was  chosen  from  those 
graduates  who,  during  the  third  and  fourth  years  of  their  University 
course,  had  elected  to  specialize  in  ore-dressing  and  metallurgy. 
Upon  appointment  those  men  would  be  required  to  work  shifts 
for  periods  of  at  least  six  months  in  all  sections  of  the  reduction 
plant,  in  the  assay  office,  on  metallurgical  records,  and  when  it 
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could  be  conveniently  arranged  would  be  given  an  opportunity 
of  working  for  a  period  in  the  central  metallurgical  research 
laboratory  on  the  coast.  The  commencing  salary  was  £45  a 
month,  and  at  the  end  of  two  tours  (for  surface  employees  a  tour 
was  15  months'  service  on  the  mine)  his  salary  should  be  £65  per 
month.  He  would  be  in  line  with  the  shift  foreman  for  promotion 
to  the  administrative  post  of  assistant  reduction  superintendent. 

In  neither  of  those  categories  had  periods  of  service  been 
specifically  laid  down,  but  the  general  principle  was  clear  and 
every  endeavour  was  made  to  carry  it  out  in  practice. 

As  a  "further  encouragement  to  mining  students  (and  in  his 
remarks  the  word  *  mining  '  included  *  metallurgical ')  that  year 
the  mining  industry  of  the  Gold  Coast  had  offered  to  give  vacation 
experience  to  students  from  the  Royal  School  of  Mines  and  from 
the  Camborne  School  of  Klines.  That  had  been  made  possible  by 
the  use  of  air  travel,  and  twelve  students  would  shortly  be  taking 
advantage  of  the  offer.  There  had  been  an  announcement  in  the 
Press  of  the  scheme  and  he  was  confident  it  would  prove  a  valuable 
and  profitable  venture  both  for  the  student  and  the.  mining 
companies. 

He  had  welcomed  the  opportunity  of  discussing  that  important 
subject  and  offered  his  congratulations  to  Pl*ofessor  Ritson  for 
bringing  it  before  the  Institution. 

Mr.  J.  S.  Sheppard  supported  Mr.  Lawford*s  contention  that 
the  best  alternative  to  a  postgraduate  scheme  would  be  one  year's 
training  at  a  mine  prior  td  centering  the  Inivt^rsity.  \Miat  were 
the  pro-requisites  for  a  successful  career  as  a  mining  engineer  ? 
First,  tho  nt^cessary  tr»(rliiiical  knowl(Mlgi»  ;  secondly,  the  necessary 
personal  qualities — he  would  n(^t  say  piTsonality  !  Those  qualities 
were  leadersliip,  alnlity  io  mix  with  one's  fellow  men.  and  a  physical 
make-up  not  just  robust  but.  with  the  nec(*ssary  stamina  which 
was  so  often  recjuired.  There  had  been  quite  a  change  in  the 
personal  (pialitit^s  of  l)oys  j^oing  from  schools  to  the  Universities. 
The  boy  going  up  to-day  had  his  personal  qualities  less  well 
developed  than  20  years  a<,'o  and  the  reason  for  that  was  that 
20  years  ago  betwei'U  80  and  Ui)  per  cent  of  mining  students  were 
from  public  schools.  They  had  lived  a  conmiunal  Hfe  away  from 
lu)me,  and  games  had  played  an  important  part  in  their  curriculum. 
At  the  present  time  a  large  number  of  Ixjys  were  from  grammar 
and  secondary  schools,  thiy  had  lived  at  home  and  since  the  age 
of  12  had  IxM-n  obsessed  with  the  examination  complex  :  examina- 
tions had  l)eeij  the  thing  which  counted  and  games  had  been  very 
much  at  a  discount.  Their  scholarship  was  possibly  better  but 
their  physique  was  poorer  at  a  time  when  the  major  mining  fields 
were  instituting  very  stitT  physical  examinations.  When  they  got 
to  the  mining  school,  i'xaminati<>ns  again  lill(?d  their  whole  horizon, 
and  althnugh  they  w<uild  b»'  warned  that  they  nmst  develop  their 
physiijue  during  the  time  of  their  entering  the  University  and 
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leaving  if  they  hoped  to  work  on  some  of  the  major  fields,  it  was  a 
long-term  process  and  if  they  were  not  natural  athletes  they 
woold  play  few  games  and  concentrate  on  their  examinations. 

Again,  the  Universities  were  at  fault  because  they  tried  to  cast 
the  mining  engineer  in  the  same  mould  as  the  research  chemist, 
the  tame  scientist,  and  the  scientific  civil  servant  and  it  was  not 
possible  to  do  that.  What  was  the  solution  ?  One  solution  would 
be  a  much  broader  education  similar  to  the  education  given  by  the 
older  Universities  to  art  students  ;  another  would  bo  an  education 
such  as  was  given  at  Sandhurst,  for  the  attributes  necessary  for^a 
good  mining  engineer  and  an  engineer-officer  in  the  Army  were 
the  same.  Unfortunately  mining  courses  had  to  be  fitted  in  with 
other  University  courses  and  the  University  framework  had  to 
be  adhered  to.  If  it  was  decided  to  cut  half  the  lectures  and 
insist  on  students  playing  more  communal  games  where  they  took 
hard  knocks,  and  on  a  large  amount  of  social  activity,  they  would 
run  into  trouble,  but  if  they  said  that  before  going  to  a  mining 
school  the  student  should  first  do  one  year  of  straightforward 
physical  labour  in  a  mine  at  the  age  of  17  or  18  it  would  be  of 
considerable  benefit  to  the  boy.  Unlike  the  arts  and  science 
students  the  mining  graduate  is  exempt  from  military  service  and 
he  could  well  afford  to  go  into  the  mines  for  a  year  in  lieu  of 
service. 

There  was  a  large  number  of  boys  in  the  mining  schools  now 
who  had  had  no  contact  with  the  mining  industry.  Li  days  gone 
by  their  fathers  or  uncles  were  mining  engineers,  and  they  had 
probably  lived  in  a  mining  camp  during  childhood  ;  there  were 
students  nowadays  who  had  never  seen  a  mining  camp.  They 
were  not  always  keen  on  mining.  He  had  heard  that  aft(»rnoon 
of  a  student  who  had  wanted  to  take  mathematics  and  although 
he  passed  the  entrance  examination  there  was  not  room  for  him 
and  he  took  the  mining  course  instead.  If  all  students  spent  one 
year  in  a  mine  it  would  weed  out  those  who  did  not  know  what 
they  were  letting  themselves  in  for  and  it  would  improve  their 
physique  considerably.  The  number  of  failures  would  be  reduced 
and  the  standard  would  he  improved  ;  teachers  would  prefer  to 
instruct  men  who  had  spent  a  year  on  a  mine,  and  even  if  they 
were  going  to  make  metal  mining  their  career  they  could  work 
for  the  year  in  a  coal  mine. 

Mr.  E.  J.  Pryor  said  that  during  the  past  few  decades  the 
home  life  and  social  background  of  students  coming  to  such  insti- 
tutions as  the  Koyal  School  of  Mines  had  changed.  To  this,  for 
the  next  few  years,  would  be  added  the  unsettling  influences  of 
recent  war.  Evacuation  and  improvised  school  accommodation 
weakened  the  family  discipline  and  liigh  sense  of  moral  value 
which  characterized  the  British  in  administrative  posts  abroad. 

In  the  paternalistic  State  schools  were  less  concerned  with 
developing  character  than  with  cramming  for  scholarships.     High 
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taxation  forced  parents  to  look  toward  the  State  for  the  higher 
education  of  their  children.  An  examiner,  confronted  with  a  pile 
of  scripts  from  complete  strangers,  adjusted  the  severity  of  his 
marking  to  lit  the  number  of  awards  available.  Hence,  school 
education  became  a  study  in  the  art  of  pleasing  an  unknown  body 
of  peoplo  having  arbitrary'  tastes.  An  entrant  of  high  promise 
might  be  forced,  against  his  natural  trends,  to  scrape  a  pass  in  a 
subject  he  would  then  strive  to  forget. 

That  favoured  the  student  with  the  photographic  memory,  but 
was  hard  on  the  type  needed  in  mining — the  young  man  who 
reasoned  things  out  and  developed  a  constructive  attitude.  Text- 
books and  teachers  could  do  a  lot,  but  the  valuable  engmeer  was 
the  man  who  could  see  the  whole  situation,  select  the  vital  facts, 
and  from  them  decide  the  best  line  of  action.  Then  came  the  test 
of  character,  which  enabled  him  to  see  the  plan  through  to  success 
and  to  carry  evtjrybody  with  him. 

At  the  Royal  School  of  Mines  the  speaker  trained  a  mixed  class 
of  third-year  metallurgists  and  fourth-year  miners,  who  at  that 
stage  were  respectively  technological  and  managerial  in  their 
outlook.  Since  written  instructions  sent  from  another  country 
were  nmch  used  professionally,  the  practical  work  of  the  course 
reproduced  such  conditions  as  far  as  possible.  The  instructors 
hung  back,  and  left  the  students  to  puzzle  out  the  instructions, 
make  and  correct  their  own  mistakes,  persist  until  reliable  and 
controllable  results  appeared,  and  then  report  the  whole  thing 
succinctly  as  though  it  would  be  road  by  a  busy  director  who  had 
never  seen  the  job  being  done. 

As  th(*  student  l(>arnod  to  handle  the  written  word,  he  began  to 
exhibit  a  new  lucidity  of  thourfit  in  relation  to  the  task.  He 
communicated  with  increasing  precision  and  self-confidence  at  all 
human  levels  with  respc^ct  to  the  technical  work.  He  knew,  and 
could  pass  on  that  knowledge  ck^arly,  and  that  gave  him  mastery 
over  personal  frustrations  and  complexes  of  the  sort  that  make 
young  manhood  dillicult.  By  tht)  end  of  the  course  the  division 
between  '  mining '  and  *  metallurgical  *  types  was  much  less 
marked. 

Modern  mining  called  for  a  variety  of  specialists,  held  in  the 
bond  of  common  union — thr*  King's  ICnglish.  That  could  be  a 
magnificent  tool,  particularly  with  the  working  team  scattered 
over  (and  into)  a  poh^glot  globt\  Education  for  mining  must, 
therefore,  in  his  view,  strengthen  tlie  common  bond — the  written 
word — until  it  was  used  with  ease  and  lucidity.  It  was  the  only 
channel  between  head  office  and  the  distant  mine  and  must  carry 
its  meaning  precisely.  The  boy  with  a  photographic  memory  won 
the  scholarships,  but  the  thinker  who  mastered  the  intention  under- 
lying what  he  studied  was  the  type  of  student  needed.  Technology^ 
like  science,  should  foster  accurate  self-expression,  with  its  objective 
;ind  snbjt'ctive  elements  held  in  just  balance. 

A  graduate,  however  good,  could  be  ruined  by  bad  managerial 
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handling.  From  the  Board  downward,  the  employers  should 
remember  that,  and  study  to  make  the  best  of  the  raw  material 
provided  by  the  Universities.  A  graduate  might  lack  local 
experience,  but  he  had  learned  how  to  think.  If  ho  was  not 
fairly  treated,  he  used  his  powers  of  thought  to  find  a  more  appre- 
ciative employer.  A  graduate  had  postponed  independent  earning 
for  several  years  in  order  to  have  his  mind  trained  for  responsible 
super\'ision.  If  his  employer  put  him  on  a  par  with  manual 
workers  who  only  knew  how  to  do  a  few  things  by  rote,  he  was 
misused.  A  properly  trained  man  would  rapidly  master  any 
specific  local  applications  of  fundamental  principles  and  ho  was 
then  ready  for  enlarged  responsibilities.  Unless  his  standing, 
terms  of  contract,  and  local  opportunities  recognized  all  that,  a 
keen  man  felt  frustrated.  From  that  to  the  loss  to  the  profession 
of  the  kind  of  engineer  needed,  was  a  short  step.  Mining  employers 
should  strive  to  keep  promising  youngsters,  instead  of  letting  them 
drift  away. 

Mining  required  an  adventurous  spirit.  The  engineer  should  be 
robust,  sensible,  cool  in  the  presence  of  danger  without  being  fool- 
hardy, and  a  good  leader.  Managerially,  he  could  never  have  all 
the  facts  before  him  in  the  same  way  that  they  were  available  in 
most  other  professions,  and  that  put  a  premium  on  good  judgement. 
At  the  same  time,  he  usually  kept  two  homes  going,  and  should 
retire  from  his  strenuous  work  while  still  young  enough  to  enjoy 
a  return  to  his  own  country.  That  justified  good  salaries  and  all 
the  personal  security  it  was  possible  for  his  employers  to  provide. 
Only  thus  could  mining  compete  for  the  best  talent  with  more 
sheltered  professions. 

Finalh*,  he  paid  tribute  to  Professor  Ritson,  not  only  as  the 
author  of  the  paper,  but  also  as  a  man.  He  judged  his  students 
as  much  for  their  manliness  as  for  their  academic  ability,  and  his 
staff  were  not  allowed  to  forget  that  both  qualities  were  desirable 
in  the  graduating  engineer. 

Mr.  J.  A'C.  Bergne  said  that  he  spoke  as  a  rebel  from  the 
classics,  who,  from  frustration  in  a  classical  school,  had  become  a 
mining  engineer.  His  difficulty  had  been  not  so  mucli  a  dishke 
of  the  subjects  at  which  he  did  not  excel  as  an  inability  to  over- 
come the  inelasticity  of  a  system  which  prevented  him  from 
advancing  in  subjects  in  which  he  could  do  well.  Thus,  he  bad 
not  been  particularly  at  one  with  Professor  Ritson's  ideas  on  the 
humanities  until  ho  had  grown  older,  but  ho  had  now  come  to 
realize  that  a  knowledge  of  the  classics  made  a  good  background 
to  an  engineer's  thoughts  and  writings. 

He  expressed  his  agreement  with  Messrs.  Lawford  and  Williams 
on  the  subject  of  getting  the  essential  practical  work  done  during 
a  student's  course  and  not  afterwards.  Previous  speakers  had 
stressed  the  point  that  the  programmes  of  engineering  courses  in 
Great  Britain  were  modelled  on  existing  University  courses,  but 
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that,  surely,  was  only  because  the  dates  of  the  terms  were  hallowed 
by  centuries  of  tradition.  Was  it  necessary  to  follow  tradition 
blindly  ?  The  North  American  system  of  a  very  long  summer 
vacation  appeared  to  have  given  North  Americans  a  great  advan- 
tage in  engineering  training,  because  it  enabled  a  student  to  gain 
practical  experience  alongside  his  theoretical  training  and  at  the 
same  time  partly  earn  his  keep. 

From  his  own  experience  of  summer  vacation  courses  in  mines, 
he  could  say  that  they  were  very  often  treated  as  a  joke.  One 
could  learn  quite  a  lot,  but  in  his  opinion  an  undergraduate  would 
learn  very  nmch  more  if  he  did  a  paid  job  in  a  mine  for  six  months. 
It  would  be  worth  while  for  a  mine  manager  to  engage  a  man  for 
that  time,  but  it  was  not  worth  his  while  to  engage  him  for  a 
month  or  two  and  then  have  him  go  back  to  his  college  just  when 
he  was  beginning  to  be  useful. 

He  was  fully  in  agreement  with  the  contention  of  earlier  speakers 
that  there  were  many  lowly  but  essential  jobs  of  which  a  competent 
mining  engineer  had  to  have  practical  knowledge,  and  they  were 
of  varying  orders  of  intricacy.  Thus,  throughout  a  student's 
career  through  college  there  were  always  positions  he  could  hold 
in  mines  to  prepare  him  for  the  next  six  months'  theory  or  to 
illustrate  the  previous  six  months*.  But  the  education  of  a 
mining  engineer  did  not  stop  when  he  had  passed  his  finals.  There 
came  a  time  when  the  a])ler  man  reached  the  age  of  25  to  80  and 
had  been  several  years  in  the  field.  If  changes  wore  now  being 
considered  in  mine  courses,  could  not  consideration  be  given  to 
the  possibility  of  organizing  a  refresher  course  at  such  a  time  as 
when  the  young  engineer  was  applying  for  Associate  Membership 
of  the  Institution  ?  In  his  opinion,  such  a  course  would  be  of 
great  advantage  to  th(»  profession.  Changes  in  technique  wer^ 
very  rapid  to-day  and  after  some  years  in  the  field,  very  often 
abroad  and  at  a  considerable  distance  from  the  centres  of  discussion 
and  thought,  the  abler  engineer  on  his  return  to  the  United  Kingdom 
frequently  found  himself  greatly  in  need  of  such  a  course. 

Mr.  J.  B.  Richardson  said  it  would  obviouslv  be  an  excellent 
idea  if  the  undergraduate  could  acquire  sufficient  practical  training 
alongsFde  his  theoretical  studies  as  was  possible  in  such  countries 
as  Canada.  Anyone  trying  to  teach  would  appreciate  the  diffi- 
culties in  imparting  the  principles  of  mining  to  young  men  who 
had  no  associatiims  with  mining  and  had  never  been  in  a  mine. 

Years  ago  most  of  the  students  were  related  to  mining  men  and 
niiiny  had  lived  on  niin«'S  ;  now  it  was  the  exception  for  that  in 
be  so.  To  try  and  give  the  present-day  students  a  true  picture 
even  with  visual  aid  such  as  models,  films,  film  strips,  epidiascopes 
and  such-hke  was  a  difficult  job.  Vacation  experiences,  as  the  last 
speaker  had  said,  were  sometimes  not  taken  too  seriously,  although 
usually  the  reports  produced  were  admirable. 

In   Britain,  except  for  the  Camborne  School,  all  the  mining 
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schools,  he  thought,  were  attached  to  Universities  and  to  extend  the 
summer  vacation  to  five  months  with  correspondingly  shorter 
vacations  at  Christmas  and  Easter  as  suggested  by  previous 
speakers  was  a  pious  hope.  The  Universities  could  not  easily 
have  different  lengths  of  terms  for  one  department  only  without 
seriously  upsetting  their  domestic  arrangements. 

That  the  students  should  gain  practical  and  manual  experience 
for  a  year  before  entering  a  school  of  mines  was  an  admirable 
alternative,  but  would  it  bo  possible  to  select  applicants  so  far  in 
advance  ? 

One  thing  that  struck  him  about  Professor  Kitson's  training 
scheme  was  that  usually  only  large  mines  could  afford  such  an 
arrangement  and  there  were  many  more  small  mines  than  large 
ones. 

Professor  Eitson  had  pointed  out  that  in  their  profession  th^' 
were  really  *  mining  money  *  and  had  included  in  his  schedule  a 
short  period  for  studying  wages  and  accounts.  Members  with 
managerial  experience  would  agree,  he  thought,  that  most  of  the 
young  men  who  worked  with  thom  had  an  amazing  lack  of  appre- 
ciation of  the  commercial  and  financial  aspect  of  their  job.  If  it 
were  possible  both  in  training  and  in  curricula  more  time  should 
be  spent  in  learning  how  costs  were  built  up.  Many  present  had 
doubtless  seen  mine  cost  clerks  sitting  up  all  night  working  out 
elaborate  monthly  cost  sheets  built  up  from  basic  documents  that 
were  often  inaccurate  and  incomplete  and  sometimes  worthless. 

It  was  a  commonplace  that,  beyond  all  other  kinds  of  engineers, 
the  mining  engineer  must  be  always  thinking  of  his  job  in  terms 
of  money  and  must  acquire  a  commercial  outlook  before  he  could 
consider  himself  a  successful  mining  executive.  The  bases  of  this 
knowledge  should  have  been  well  inculcated  before  ho  left  his 
University  and  emphasized  in  any  training  scheme  carried  out  at 
a  mine. 

Mr.  J.  A'C.  Bergne  took  exception  to  the  first  point  raised  by 
Mr.  Kichardson.  He  thought  it  was  a  matter  of  Sfahomet  going 
to  the  Mountain.  On  the  other  hand,  his  last  remarks  were  very 
much  to  the  point,  the  commercial  side  was  most  important,  but 
it  was  the  very  part  which  the  abler  young  man  could  best  learn 
after  he  had  absorbed  the  technical  background,  and  when,  after 
say  five  years  in  the  field,  he  was  ready  for  the  postgraduate 
course  he  (the  speaker)  had  advocated  earlier. 

Mr.  C.  I.  Robinson  said  that  he  had  been  waiting  for  someone 
to  get  up  who  had  been  through  the  mill  ;  he  might  be  wrong  but 
he  had  not  discerned  any  sign  of -such  so  far.  He  would  hke  to 
draw  attention  to  the  fact  that  more  than  40  years  ago,  at  the 
instance  of  the  Institution,  he  started  on  the  Eand  under  conditions 
which  were  as  nearly  as  possible  those  which  had  been  outlined 
by  Professor  Ritson  in  his  notes.     He  reahzed  that  very  muck 
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depended  upon  the  management  of  the  mine  on  which  the  student 
started.  He  was  very  fortunate  ;  he  had  had  a  manager  to  whom 
he  always  felt  that  he  owed  a  great  debt.  The  chief  allowed  him 
to  go  through  practically  every  department  of  the  work  on  the 
mine  and  he  was  not  given  any  particular  privilege.  He  started 
at  the  handsome  salary  of  £10  a  month,  most  of  which  went  in  the 
bunkhouse.  His  own  experience  was  that  among  the  departmental 
managers  one  received  every  encouragement,  but  among  the 
underlings,  of  the  foreman  and  shift-boss  grade,  one  had  a  rather 
difficult  row  to  hoe,  because  it  was  realized  that  the  postgraduate 
student  was  a  student.  It  was  not  so  bad  after  he  had  done  his 
drilling  and  got  his  blasting  ticket.  There  were  about  seven  who 
went  to  the  Band  together.  Some  made  good  and  became 
managers,  others  spent  a  great  deal  of  time  running  rock  drills, 
which  was  not  the  way  to  train  a  budding  mining  engineer. 

*  He  would  emphasize  that  the  Institution  was  doing  good  work 
more  than  40  years  ago,  on  the  lines  which  Professor  Bitson  had 
advocated  that  evening. 

Mr.  Thomas  Pryor  said  all  members  of  the  Institution  would 
be  grateful  to  Mr.  Hobert  Annan  for  his  outstanding  contribution 
to  the  discussion. 

He  was  unable  to  agree  with  Professor  Eitson  that  metal  mining 
engineers  should  undergo  a  standard  course  of  postgraduate 
training  in  practical  work.  It  would  ho  a  mistake  for  the  Council 
of  the  Institution  to  require  a  standard  course.  Mining  was  very 
varied  in  its  requirements,  and  individuals  varied  in  their  apti- 
tudes. The  detail  of  the  work  of  the  first  two  or  three  vears  after 
graduation  should  be  left  to  individual  employers  and  graduates 
to  sotth\ 

He  agrt^od  with  those  other  speakers  who  had  connnented  on 
th(^  advantag(»s  of  tlio  Canadian  system  of  one  long  University 
vacation  per  annum,  which  allowed  undergraduates  to  employ 
tlieir  vacations  in  practical  work  with  much  greater  effect  than 
under  the  English  system.  It  would  not,  however,  be  easy  for 
Universities  in  Britain  to  alter  their  timetables  to  meet  the  needs 
of  a  few  uiining  engineers.  There  wen*  thus  advantages  in  having 
in  this  country  at  least  one  school  of  mines  like  that  at  Camborne 
which  was  not  tied  to  the  timetable  of  any  University.  If  thought 
fit,  the  course  of  a  school  likt*  Camborne  could  be  adapted  to  meet 
modern  ne(»d  in  training  mining  engineers,  without  having  to 
consider  the  requirements  of  men  training  for  other  professions. 

A  metal-mining  engineer  had  to  earn  his  living  abroad,  often  in 
trying  climates,  and  it  was  not  easy  for  him  to  obtain  a  new  post 
after  the  age  of  55  or  so.  Only  a  small  percentage  of  the  mining 
engineers  trained  annually  in  England  could  look  forward  to  being 
able  to  obtain  remunerative  professional  employment  in  the 
United  Kingdom  in  their  later  years.  The  relatively  short  period 
of  maxhmmi  earning  capacity,  compared  with  some  other  pro- 
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fessions,  had  to  be  borne  in  mind  when  considering  how  many 
years  should  be  devoted  to  technical  education  and  training. 

A  prime  requisite  for  successful  living  was  that  a  man  should  be 
in  love  with  his  work.  During  his  first  three  years  after  graduation 
a  young  engineer  should  decide  which  branch  of  mining  appealed 
to  him  most,  and  should  then  strive  to  devote  himself  to  that 
branch.  It  was  earnestly  to  be  hoped  that  it  would  be  found 
possible  in  future  to  have  a  few  travelling  scholarships  available  to 
mining  men  within  three  to  five  years  after  graduation,  to  assbt 
them  at  that  critical  stage  in  their  career. 

It  was  the  business  of  the  schools  of  mines  to  train  their  students 
to  think  and  to  express  themselves  clearly ;  to  train  them  how 
and  what  to  observe  and  then  to  bring  their  reason  to  bear  upon 
the  observed  facts,  as  well  as  to  train  them  to  know  how  and 
where  to  look  up  the  information  necessary  to  keep  them  abreast 
of  current  developments  in  technique. 

The  discussion  had  shown  that  it  was  common  to-day  for  yoimg 
men  to  enter  schools  of  mines  without  previous  knowledge  of  what 
the  career  of  a  metal-mining  engineer  might  involve.  Perusal  of 
those  two  fascinating  volumes  of  Incidents  in  the  life  of  a  mining 
engineer,  by  the  late  E.  T.  McCarthy,  would  show  how  greatly  the 
work  of  a  mining  engineer  had  changed  over  the  past  50  years. 
The  next  few  decades  would  doubtless  also  show  great  changes.  It 
was  for  the  mining  schools  to  turn  out  men  capable  of  playing  a 
constructive  part  in  those  changing  conditions.  The  teaching 
staff  of  the  schools  of  mines  should  watch  each  individual's  par- 
ticular aptitudes,  so  as  to  guide  him  towards  that  branch  of  the 
profession  for  which  he  was  likely  to  be  best  fitted,  while  leaving  it 
to  the  man  himself  to  make  his  final  choice  in  the  first  few  years 
after  graduation. 

Given  good  health,  a  love  for  his  chosen  work,  and  a  trained 
abihty  to  observe  accuratelj^  and  to  bring  his  reason  to  bear  upon 
the  observed  facts  of  his  experience,  the  young  mining  engineer 
need  not  fear  for  his  future. 

The  President  was  sure  it  would  be  agreed  that  the  discussion 
had  been  most  stimulating  and  that  Professor  Ritson  had  intro- 
duced a  subject  upon  which  many  interesting  views  had  been 
expressed  and  from  which  probably  some  ideas  for  constructive 
work  might  arise  in  the  future.  No  doubt  Professor  Ritson 
would  like  to  summarize  the  discussion  at  a  later  date  and  reply 
at  length  to  the  main  points  which  had  been  raised. 

Professor  Ritson  said  that  ho  would  prefer  to  reply  later. 

The  President  then  proposed  a  vote  of  thanks  to  Professor 
Ritson  for  introducing  such  a  comprehensive  discussion.  It  was 
heartily  accorded  with  applause. 
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CONTRIBUTED  REMARKS 

Mr.  A.  M.  Bryan*  :  Professor  Ritson's  remarks  in  opening  the 
discussion  on  this  vital  problem  of  education  and  training  for  the 
mining  engineer  are  naturally  directed  towards  training  for  the 
metal  mining  industry.  But  the  principles  of  training  are  much 
the  same  for  both  coal  and  metal  mining  and,  in  my  opinion, 
Professor  Ritson  lias  outlined  an  acceptable  average  course  covering 
five  3'ears  of  academic  and  practical  training.  I  would  extend  this 
course  to  six  years. 

Before  the  budding  mining  engineer  enters  the  University,  I 
would  strongly  advocate  that  he  should  spend  not  less  than  six 
months  in  and  about  a  mine,  under  the  supervision  of  a  manage- 
ment which  is  interested  in  potential  future  officials.  This  period 
would  help  the  young  man  to  decide  whether  he  is  likely  to  find 
mining  a  congenial  occupation  and  would  enable  the  management 
to  make  a  tentative  assessment  of  the  young  man's  possibilities 
by  noting  his  personal  qualities  and  behaviour,  and  the  reaction 
of  the  workmen  towards  him,  and  vice  versa.  During  this  period 
he  would  also  develop  a  little  mining  knowledge  and  background 
with  early  experience  of  working  with  youths  of  his  own  age  and 
of  men  from  many  walks  of  life,  getting  to  understand  their  different 
temperaments.  This  part  of  his  education  must  be  further 
developed,  since  it  becomes  vitally  important  to  understand  human 
and  labour  relations  when  one  has  to  take  a  responsible  post 
involving  leadership.  From  his  own  experience  he  must  know 
why  and  how  to  do  any  particular  job  in  the  mine  and  be  able 
to  judge  rightly  what  is  a  fair  day's  work  on  any  occupation.  It 
will  also  enable  him  to  understand  the  other  man's  point  of  view. 
The  academic  study  and  practical  work  must  be  closely  co- 
ordinated during  the  time  the  student  is  following  liis  University 
course  which,  I  suggest,  should  be  on  the  *  sandwich  '  system  and 
extend  over  four  years.  The  student  should  spend  his  vacations 
doing  practical  work  in  the  mine  btjst  suited  to  the  type  of  work 
he  is  doing  at  college. 

The  University  should  aim  not  only  at  teaching  the  student  to 

think  and  to  express  his  thoughts  in  writing,  but  should  do  more  to 

ensure  that  he  can  express  his  thoughts  in  speech.     In  these  days 

of  joint  consultation  it  is  essential  that  mining  engineers  should 

be  able  to  speak  clearly  and  convincingly.     In  this  connection  it 

should  also  be  remembered  that  the  responsibility  of  management 

does  not  stop  at  the  mine.     It  overllows  into  the  public  life  of  the 

commmty.     A  major  problem  confronting  us  to-day  is  that  of 

d^^^^fc|  system  of  education  and  training  which  will  not  only 

^^  %e  in   making  the  individual  a   willing  and   proficient 

^f  mot  service  to  his  profession,  but  also  to  the  community 

jW  bid  in  convincing  him  that  he  is  an  entity  whose  life  is 

r  Jk  making  sense  in  a  vastly  larger  cosmic  scheme. 

/  *  H.M.  Chief  Inspector  of  Mines. 
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On  leaving  the  University  the  student  should  follow  an  intensive 
course  of  not  less  than  two  years'  duration  of  practical  training 
for  experience  in  both  management  and  production  problems. 
He  should  be  under  the  close  attention  of  an  experienced  person, 
with  general  supervision  by  a  senior  official.  So  far  as  practicable, 
this  training  should  follow  a  carefully  preconceived  syllabus  on  a 
definite  progressive  course.  It  must  be  flexible  enough  to  accom- 
modate the  young  man's  ability  and  it  should  ensure  that  he  does 
not  spend  a  superfluous  amount  of  time  on  one  particular  occu- 
pation or  operation.  Towards  the  end  of  his  course  he  should  be 
allowed  to  show  his  ability  and  leadership  by  acting  as  a  junior 
official,  thus  gradually  getting  the  necessary  training  to  assume 
greater  responsibility. 

If  it  can  bo  arranged,  the  student  should  obtain  part  of  this 
general  training  at  more  than  one  mine,  so  as  to  widen  his 
experience  of  management,  organization  and  administration.  If 
he  possesses  the  right  personal  qualities,  by  the  end  of  six  years 
the  young  man  should  have  developed  into  a  competent  mining 
engineer  and  be  qualified  to  take  up  his  position  as  a  manager. 
As  the  years  pass  he  will  gain  further  experience  and  broaden  his 
outlook  which  will  then  be  more  readilv  related  to  the  economics 

ft' 

of   the  situation  or,  as  Professor  llitson  puts  it,  he  will  become 
a  mining  engineer  who  is  really  mining  money. 

In  conclusion  I  would  like  to  stress  the  point  that  the  mining 
official  of  the  future  must  have  something  else  besides  mere  technical 
or  academic  attainments.  Capacity  to  understand  mathematical 
arguments  does  not  necessarily  imply  the  capacity  to  lead  men. 
He  must  have  in  good  measure  those  personal  qualities  so  difficult 
to  define  but  so  well  summed  up  in  the  words  *  personality  *  and 
*  character  '.  There  is  undoubtedly  much  scope  for  an  inquiry 
in  the  mining  industry  into  the  problems  of  student  selection  and 
guidance. 

Mr.  A.  Savile  Davis :  Only  a  small  percentage  of  graduates 
finally  attain  the  highest  executive  positions  and  many  of  them 
stop  at  the  wayside  in  various  executive  positions  requiring  a 
detailed  practical  knowledge  of  some  particular  branch  or  branches 
of  mining.  Many  others  obviously  from  the  outset  are  unsuited 
for  any  but  junior  executive  positions  and  should  as  soon  as 
possible  be  guided  into  specialist  occupations. 

A  tendency  exists  for  the  practical  training  of  graduates  to  be 
skimped,  with  the  result  that  if  they  do  attain  executive  rank  they 
often  fail  to  be  first  class  owing  to  lack  of  practical  knowledge. 

Until  such  time  as  personnel  management  and  the  principles  of 
Training  Within  Industry  (T.W.I.)  are  embodied  in  the  under- 
graduate training  these  subjects  should  form  an  important  part  of 
postgraduate  training. 

The  length  of  postgraduate  practical  training  required  will  vary 
with  the  ability  of  each  person  and  the  practical  work  he  may 
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liavo  done  prior  to  graduating,  but  on  the  Witwatersrand  it  should 
be  about  t^o  years  and  three  months,  split  approximately  as 
follows  : 

Sample  and  survey 14  months 

Ventilation  and  study 4      ,, 

Native  control  3      „ 

]^[ining  (actually  running  stope  and  develop- 
ment end)  6      „ 

It  is  assumed  that  the  graduate  was  trained  in  personnel  manage- 
ment and  T.W.L  methods,  the  rock-drill  shop,  reduction  works 
and  assay  department  during  his  University  training  period. 

Like  all  other  training  schemes  much  of  the  benefit  of  training 
may  be  lost  if  correct  control  of  the  graduate  is  not  exercised 
during  his  training  period.  It  is  unsound  that  he  be  kept  in  any 
department  longer  than  his  course  demands,  to  suit  the  convenience 
of  that  department.  Progress  reports  on  each  trainee  should  be 
submitted  monthly  to  the  officer  in  charge  of  the  training,  rating 
cards  should  be  compiled  and  the  trainee  should  be  interviewed  at 
approximately  three-monthly  intervals  by  the  officer  in  charge — 
who  should  be  one  of  the  more  senior  executives. 

There  exists  a  tendency,  engendered  partly  by  the  shortage  of 
staff,  to  use  trainees  on  stock  jobs  in  a  department  and  this  may 
lead  to  other  and  more  important  items  being  missed. 

The  mininmm  scale,  per  month,  on  the  Rand  is  as  follows : 
On  appointment,  £80  :  after  one  year,  £85  :  after  two  years,  £40. 
It  is  que.^tionable  if  these*  rates  are  sufficiently  liigh. 

Mr.  A.  Roberts''' :  Th*<  outline  of  a  University  course  in  mining 
given  by  Vrofessor  Eitson  is  that  now  geni*rally  acceptrd  as  desirable 
by  almost  all  the  centres  of  mining  education.  There  may  be 
slight  differences  in  detail,  but  the  gentjral  scheme  is  a  sound  one. 

I  would  like  to  see  available  for  all  uiining  students  more 
facilities  of  the  type  provided  at  the  Klines  ^fechanization  Centre 
at  Sheffield  for  students  of  coal-mining.  A  great  deal  of  time  can 
be  spent  in  attempting  to  describe  machines,  and  in  comparing 
the  features  of  various  designs,  during  lectures.  This  information 
could  be  obtained  in  a  manner  far  more  protitable  to  the  student  if 
he  could  handle  the  machines  for  himself,  with  proper  instruction, 
under  practical  condititms.  It  is  not  enough  to  say  that  this 
information  can  be  picked  up  in  the  mine.  Unless  a  trainee  is  very 
fortunate,  his  knowledge  of  the  very  widr*  range  of  mine  nuichinerv 
will  be  limited  to  that  used  in  his  particular  mine,  which  may  or 
mav  not  be  highlv  mechanized.  A  student  slumld  enter  the  industrv 
with  a  general  knowledge  of  the  tools  used  therein,  and  should  have 
himself  handli'd  most  of  them.  He  should  have  run  tests  on  pumps, 
fans,  compressors,  and  electric  motors,  and  have  operated  hoists, 
winches,  l«)a(lers,  convevors  and  locomotives.  He  should  also  bt» 
familiar  with  air  and  electric  drilling  machines  of  various  types, 

*  Lecturer  in  Mining,  University  of  Nottingham. 
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large  and  small.   This  knowledge  could  be  obtained  during  vacations 

at  a  central  mechanization  training  centre. 

There  is  also  an  urgent  need  for  greater  opportunity  to  travel 
•during  vacations,  not  only  for  students,  but  also  for  lecturers. 
Indeed,  it  is  more  important  that  the  lecturer  should  have  first-hand 
knowledge  of  what  is  going  on  in  the  mining  world  than  it  is  for 
the  individual  student.  I  wonder  how  mJany  mining  lecturers  have 
personal  knowledge  of  the  techniques  they  are  required  to  explain. 
Volume  I  of  the  international  handbook,  listing  fellowships,  scholar- 
ships, and  educational  exchange  facilities,  published  by  UNESCO, 
gives  details  of  all  available  opportunities  for  trans-national  study. 
The  opportunities  in  the  whole  field  of  applied  science  are  miserabfy 
few.    There  are  none  in  the  particular  fiel4  of  mining. 

Mr.  W.  L.  G.  Muir  :  It  will  be  generally  accepted  that  the  main 
objective  in  training  a  mining  engineer  is  the  proper  fusion  of  theory 
and  practice.  Both  the  University  and  the  industry  can  contribute 
to  this  end. 

During  the  last  two  years  of  the  University  training  careful 
<;onsideration  should  be  given  to  relating  teaching  to  practice.  It 
should  be  made  clear  at  an  early  stage  that  mining  differs  from 
all  other  branches  of  engineering  in  that  precise  methods  of 
^calculation  are  inapplicable  to  a  large  sector  of  it.  The  student 
should  be  assisted  to  differentiate  between  those  operations  to  which 
precise  methods  can  be  applied,  those  in  which  only  statistical 
methods  are  useful,  and  those  in  which  judgement,  based  on  careful 
observation  and  experience,  is  the  only  true  guide.  A  method  used 
during  the  war  to  examine  military  problems  and  called,  I  believe, 
*  operational  research  '  is  applicable  to  many  mining  operations. 
Failure  on  the  part  of  the  young  graduate  to  appreciate  the  limita- 
tions of  precise  methods,  and  the  field  of  application  of  other 
methods,  has  done  much  to  accentuate  the  difference  between  theorv 
And  practice. 

A  further  useful  measure  during  the  University  training  might  be 
to  carry  out  part  of  the  teacliing  in  the  mine.  The  course  on 
ventilation,  for  instance,  might  be  rounded  off  by  the  students, 
under  the  direction  of  their  lecturer,  carrying  out  a  complete 
pressure  survey-  in  a  suitable  mine.  This  is  an  operation  which  is 
not  a  regular  routine  feature  of  mining,  and  not  likely  to  come 
within  the  experience  of  a  graduate  who  spends  only  one  month 
in  the  ventilation  department  during  his  practical  training.  It 
does,  however,  give  a  comprehensive  exercise  in  the  principles  of 
ventilation  and  the  use  of  instruments.  The  same  procedure  could 
be  applied  to  a  number  of  othor  subjects.  A  more  extensive  use  of 
models  in  teaching  might  make  a  useful  contribution  to  relating 
theory  and  practice. 

When  the  student  or  graduate  turns  to  his  practical  training  the 
main  problem  is  to  obtain  experience  in  a  sufficient  variety  of 
/operations  to  make  his  practical  knowledge  comprehensive,  withov\t 
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either  speuding  so  much  time  in  any  one  that  it  ceases  to  be  profit- 
able, or  spending  so  little  in  each  that  his  knowledge  is  too  sketchy. 

In  such  operations  as  pipe-fitting  and  track-la^'ing  a  very  short 
period  is  enough,  but  for  stoping,  development,  and  timbering  a 
period  of  two  months  in  each  is  too  short  for  the  trainee  to 
experience  more  than  a  small  proportion  of  all  the  eventualities  that 
may  arise.  It  appears  desirable  that  in  at  least  one  of  these 
operations  the  trainee  should  spend  enough  time  to  lH>come  properly 
experienced  and  confident  in  it.  A  period  of  six  months  would  not 
be  too  long,  the  extra  time  being  obtained  rather  by  lengthening 
the  training  period  than  by  reducing  the  time  spent  on  other 
operations. 

It  is  essential  that  part  of  the  practical  experience  should  be 
obtained  before  graduating.  The  value  of  lectures  and  drawing- 
office  work  is  greatly  enhanced  if  it  can  be  related  to  practical 
knowledge  already  in  the  student's  possession.  It  is  difficult  in 
Britain  for  students  to  obtain  experience  of  metal  mining.  Might 
it  not  be  useful  if  British  metal  mining  schools  had  a  third  session 
of  two  terms  instead  of  three  to  enable  students  at  that  stage  to 
obtain  six  months'  experience  in  Canada,  where  the  metal  mining 
industry  is  second  to  none  in  methods  and  equipment  ?  Wages  are 
sufficient  for  a  young  man  to  save  enough  in  six  months  to  pay  the 
cost  of  his  passage.  This  would  also  serve  to  overcome  the  difficulty 
mentioned  by  Professor  Ritson  of  providing  experience  of  manual 
work  to  young  graduates  who  go  at  once  to  countries  with  native 
labour. 

Mr.  G.  McPherson  :  Professor  Ritson  has  rightly  emphasized 
the  tendency  for  a  young  mining  engineer  to  specialize  only  in 
certain  phases  of  modern  mines  organization  and  he  has  pointed 
out  valuable  lines  fi)r  practical  manual  and  technical  training  for 
after-graduation  initial  work.  There  is,  however,  from  my 
experience,  one  outstanding  phase  of  mining  work  in  which  the 
training  of  young  men  is  sadly  lacking.  I  refer  to  the  practical 
knowledge  of  hygiene  which  should  be  possessed  by  any  man 
responsible  for  the  health  and  physical  wellbeing  of  employees 
abroad.  This  seems  to  me  to  be  vitally  important  to  a  young 
mining  engineer  or  mining  geologist  :  first  for  his  own  sake,  for  it 
is  through  unknowing  errors  in  the  first  few  years  abroad  that 
most  men  undermine  their  health  ;  secondly,  as  regards  the  health 
of  others,  for  usually  from  the  beginning  of  his  career  in  practice 
the  young  mining  engineer  abroad  finds  that  he  is  in  some  way 
responsible  ft»r  the  sanitation  provision  for  a  group  of  employees 
and  for  their  protection  against  insects  and  insect-borne  disease  : 
thirdly,  from  the  companies'  point  of  view,  for  it  is  clearly  recognized 
nowadays  that  considerable  financial  losses  are  caused  through 
unseen  poor  health  conditions  resulting  in  lowered  efficiency  of 
engineering  staff,  of  embittered  labour  relations  through  irritation 
caused  by  ill-health,  and  also  lower  labour  efficiency  through  the 
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incidence  of  severe  endemic  disease. 

For  all  these  reasons,  as  a  practical  man,  I  consider  it  jnst  as 
essential  that  a  young  mining  engineer  should  be  trained  in  the 
principles  and  practice  of  general  hygiene  as  he  should  be  trained 
for  such  subjects  as  set  out  in  Table  I. 

It  is  too  often  overlooked  by  those  responsible  for  the  technical 
education  of  our  young  men  that  in  this  country  they  are  largely 
drawn  from  sheltered  circumstances  in  which  problems  of  pure 
water  supply,  sanitation,  and  insect  disease  are  either  absent  or 
never  mentioned.  Consequently  when  they  go  abroad  their 
adjustment  to  a  new  and  more  barbaric  environment  can  be  a  pain- 
ful process,  inflicting  lamentable  damage  on  their  personal  health 
and  financial  loss  to  their  employers. 

Mr.  J.  A'C.  Bergne  :  During  the  debate  on  Professor  Kitson's 
thought-provoking  paper  there  was  a  lively  interchange  of  views  on 
how  far  college  seasons  could  or  should  be  changed  to  meet  the 
needs  of  the  profession.  Professor  Ritson  also  raised  the  question 
of  the  inclusion  of  some  *  classical  *  or  *  arts  '  subjects  to  leaven 
the  engineer's  background,  while  Mr.  Sheppard  dilated  on  the 
difiference  in  character  of  the  mining  student  of  to-day  vis-dt-vis 
his  counterpart  of  20  years  ago,  who  often  had  had  a  family  interest 
in  the  business.  Lastly,  Mr.  Pryor  drew  attention  to  the  changing 
conditions  in  mining  and  the  need  for  a  freshman  to  make  up  his 
mind  about  a  job  suiting  his  temperament. 

Are  we  not  providing  for  a  lifetime  of  study  ?  The  plain  fact  of 
the  matter  is  that  there  is  just  not  the  time  both  to  educate  and 
teach  before  necessity  forces  work  upon  a  young  man.  This  is  very 
evident  from  the  tendency  to  make  schools  take  pupils  as  far  as 
what  was  previously  considered  an  intermediate  University 
standard  before  ever  entering  a  University.  But  one  cannot  finish 
off  the  education  (including  a  knowledge  of  the  humanities)  at  this 
early  stage  lest  the  adolescent  has  insufficient  experience  to  grasp 
the  finer  points.  Further,  a  loophole  must  be  left  for  those  who 
might  wish  to  change  their  profession.  Lastly,  the  teaching  of  a 
specialized  subject  (as  distinct  from  a  general  education)  should 
continue,  in  my  submission,  with  finer  points  such  as  costing, 
accounting,  economics,  administration  and  the  like,  for  selected 
men  after  some  time  in  the  field,  in  much  the  same  way  as  the  fight- 
ing services  have  conducted  staff  college  courses. 

Does  not  all  this  point  to  the  desirability  of  spreading  both  the 
education  and  technical  teaching  of  the  best  men  over  a  much 
longer  period  of  time  than  has  been  the  practice  heretofore  ?  I 
suggest  that  it  is  desirable  for  engineers  to  have  at  least  three  years' 
continuous  training  interspersed  with  two  and  a  half  years*  field 
experience  on  a  gradually  increasing  scale  of  responsibility  and  pay. 
A  man  should  bo  able  to  leave  after  four  and  a  half  years  with  a 
certificate  of  competency,  after  five  and  a  half  years  with  first-  or 
second-class  associateships  or  degrees,  and  after  a  further  half-year 


60  J.  A.  S.  BITSON 

(which  should  be  open  to  first-class  associates  from  the  normal 
course)  with  an  honours  degree,  differing  from  the  previous  degree 
in  that  the  man  has  spent  the  extra  time  in  taking  the  course  in 
the  subjects  mentioned  above. 

These  ideas  are  very  revolutionary  to  the  set  pattern  of  University 
life.  They  are  put  forward  with  diffidence,  but  in  the  belief  that  if 
changes  are  to  take  place  now  is  the  time,  and  with  no  half- 
measures  at  that. 


The  batttntiOB  ■•  a  body  Is  not  rMponslUe  for  the  statemtiita  mmte  or  <^>faiioos 
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FURTHER  CONTRIBUTED  REMARKS  ON 
Geophysics  and  Economic  Greology* 

By  J.  McG.  Bruckshaw,  Ph.D.,  M.Sc,  D.I.C. 

Mr.  Oscar  Weiss  :  Dr.  Bruckshaw*s  paper  is  a  useful  and  fair 
summing-up  of  the  scope  of  geophysical  methods  in  prospecting  for 
metalliferous  mineral  deposits.  The  amount  of  discussion  that 
followed  the  reading  of  the  paper  is  a  sure  sign  of  the  widespread 
interest  taken  in  geophysical  prospecting  among  members  of  the 
Institution.  Those  mining  engineers  who  are  up  against  the  difficult 
problem  of  finding  new  ore  reserves  and  new  ore  deposits  fully 
realize  the  difficulties  and  are  obviously  eager  to  make  use  of  any 
.source  of  knowledge  that  could  help  them. 

There  is  a  shortage  of  ore  reserves  in  the  mining  industries  of  the 
world,  and  as  outcropping  ore  deposits  were  long  ago  detected  and 
exploited  we  now  have  to  search  for  mineralization  which  is  hidden 
beneath  the  surface  of  the  earth.  Geology,  geophysics,  and  geo- 
chemistry, together  with  drilling,  are  the  tools  of  modern  prospect- 
ing. Geophysics  is  only  one  of  the  tools  and  it  obviously  has  its 
limitations  and  possibilities,  which  have  to  be  fully  realized  and 
cautiously  weighed  up.  There  has  been  a  tendency  in  the  past  to 
over-estimate  the  scope  of  geophysical  methods  and  also  to  misuse 
them.  There  has  also  been  a  lack  of  understanding  among  mining 
engineers  as  to  the  proper  application  of  geophysics.  These 
difficulties,  which  were  natural  to  a  comparatively  new  technology', 
are  gradually  being  overcome  and  the  results  derived  from  the 
collaboration  between  mining  engineers,  geologists,  and  geo- 
physicists,  such  as  we  have  seen  recently  in  South  Africa  and  to 
some  extent  in  Canada,  have  fully  justified  expectations. 

There  are  still  mining  engineers  and  mining  companies  who  do 
not  realize  that  the  old  times,  when  rich  mineral  deposits  could 
easily  be  obtained,  are  over.  It  was  not  long  ago  that  mining 
companies  with  sufficient  capital  simply  had  to  sit  in  their  head- 
quarters and  wait  until  some  Yugoslav  or  other  nations  of  little- 
developed  countries  knocked  on  the  door  with  chimks  of  rich  ore 
in  their  hands  and  rich  mineralized  areas  behind  them  which  they 
were  only  too  anxious  to  offer  for  exploitation.  Practically  all  the 
outcropping  ore  deposits  are  either  being  exploited  or  have  already 
reached  the  declining  stage.  There  is  a  shortage  of  mineral  reserves 
all  over  the  world  and  the  far-seeing  leaders  of  the  mining  industry 
are  exploring  every  possibility  to  ensure  that  the  world's  demand 
for  metals  and  minerals  are  met.  In  one  way,  new  metallurgical 
and  mining  procedures  are  developed  to  a  high  pitch,  which  makes 
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possible  the  exploitation  of  low-grade  ore  deposits  which  have 
been  neglected  in  the  past.  In  another  direction,  systematie 
geological  investigations  of  areas  arc  coupled  with  geophysical 
exploration  and  drilling.  There  is  no  doubt  that  during  the  next 
few  years  all  potential  ore- bearing  areas  will  be  investigated  in  the 
latter  fashion. 

Now,  neither  geology  nor  geophysics  nor  drilling  can  produce 
miracles  and  we  all  know  that  exploration  is  not  undertaken  with 
the  assumption  that  every  attempt  will  produce  a  huge  new  mineral 
deposit.  A  single  new  important  discovery  would  provide  for  past 
and  future  exploration  expenses.  It  is  necessary  to  realize  that  the 
geological,  geophysical,  and  drilling  programme  in  exploring  a  new 
area  may  take  four  or  five  years  ;  if  everything  goes  according  to 
schedule,  and  is  most  successful  inasmuch  as  a  new  ore  deposit  is 
discovered,  even  then  another  four  or  h\o  j^ears  must  elapse  before 
the  mine  is  ready  for  production.  In  other  words,  it  requires  ten 
years*  planning  under  the  ideal  condition  of  assured  success  and  we 
may  say  that  20  years  are  required  in  normal  circumstances  to 
produce  some  tangible  important  results.  Thus  the  modem  mining 
industry,  at  least  those  mining  companies  which  wish  to  continue 
their  life,  are  faced  with  the  need  for  plaiming  their  prospecting 
programmes  20  years  ahead.  In  many  cases  it  is  necessary  to  think 
80  years  ahead. 

This  is  not  an  easy  task,  and  apart  from  the  difficulty  of  finding 
the  high-grade  technical  stafif  and  the  highly  imaginative  and  highly 
enterprising  financier,  a  good  deal  of  these  prospecting  programmes 
founder  on  the*  difficulties  of  personalities  in  charge  of  the  teclmical 
operations  of  mining  companies.  Tliis  applies  especially  to  those 
companies  who  have  rich  and  largt^  ore  deposits  and  who,  during 
their  heyday,  are  fully  occupied  with  thoir  continuous  expansion 
and  with  their  day-to-day  problems. 

If  one  looks  at  the  history  of  mining  companies,  one  will  notice 
that  such  rich  and  complacent  companies  were  those  which  suddenly 
found  themselves  without  mineral  resources.  It  is  quite  under- 
standable that  the  senior  technicians  find  it  difficult  to  attend, 
over  and  above  their  normal  and  numerous  existing  duties,  to 
plan  and  consider  20-30  years  of  future  exploration  programmes. 
In  most  cases  these  personalities  cannot  expect  to  see  the  fulfilment 
of  such  long-rango  planning,  and  therefore  the  natural  tendency 
is  to  let  things  drift  in  their  day-to-day  manner.  In  South  Africa, 
on  the  other  hand,  we  have  proved  that  those  mining  companies 
which  have  the  imagination  and  enterprise  have  been  richly 
rewarded  and  there  is  no  reason  to  think  that  in  other  suitable 
parts  of  the  world  the  same  could  not  be  produced.  Of  course,  to 
find  such  places  is  not  an  vasy  matter,  but  there  are  still  a  few 
corners  of  the  (?arth  left  where  large-scale  mineral  discoveries  can 
reasonably  be  expected.  In  each  such  case  it  requires  a  long  time 
and  large  sums  of  money  to  achieve  success. 

I  would  like  personally  to  refer  to  Mr.  McPherson's  remarks 
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concerning  the  results  of  geophysical  prospecting  in  South  Africa. 
Mr.  McPherson  is  entirely  wrong  when  he  minimizes  the  importance 
of  magnetic  measurements  in  leading  to  the  discovery  of  the  West 
Witwatersrand  goldfields.  The  success  of  magnetic  measurements 
has  always  been  admitted  and  praised  by  the  Company  which  was 
responsible  for  the  discovery — i.e.,  New  Consolidated  Gold  Fields, 
Ltd.  Mr.  McPherson  mentions  that  the  particular  area  had  its 
general  structure  revealed  by  ordinary  geological  methods  and  by 
certain  drill-holes  long  before  geophysical  methods  were  used.  He 
is  referring,  no  doubt,  to  the  efforts  of  Goerz  and  Co.,  who  were  the 
forerunners  of  Union  Corporation,  Ltd.,  and  who  put  down  several 
bore-holes  in  the  West  Witwatersrand  area.  Goerz  and  Co.  did 
pioneer  work  and  formulated  some  very  pertinent  ideas  as  to  the 
possibihty  of  the  extension  of  the  Witwatersrand  System  under  the 
dolomite,  from  Johannesburg  right  up  to  Potchefstroom.  They  had 
imagination,  they  had  enterprise,  and  they  had  the  advice  of  very 
good  geologists.  Nevertheless,  their  effort  failed,  because,  in  the 
3,000-4,000  ft.  of  Ventersdorp  lavas  and  dolomites,  they  could  not 
find  any  geological  information  to  guide  them  to  the  sub-outcrop 
of  the  main  reef  horizon.  The  latter  problem  was  solved  by  the 
simple  magnetometer  and  the  simplicity  of  the  application  of  this 
method  adds  to  the  beauty  and  ingenuity  of  the  exploration  work 
which  was  carried  out  bv  New  Consolidated  Gold  Fields,  Ltd.  The 
geophysical  methods  were,  of  course,  used  in  conjunction  with 
geology  and  drilling,  but  while  several  mining  houses  turned  down 
the  proposition  for  participation  in  the  prospecting  of  the  West 
Witwatersrand  area,  much  of  the  confidence  of  the  pioneers  in  this 
field  was  based  on  the  striking  information  obtained  by  magneto- 
meter surveys. 

Dealing  now  with  Mr.  McPherson's  other  remark,  concerning  the 
Orange  Free  State  goldfields,  he  admits  that  geophysical  methods 
initially  secured  a  bull,  right  in  the  centre  of  the  target.  He  states 
that  the  negative?  side  had  little  mention — namely,  that  large  areas, 
later  shown  to  be  probably  of  high  economic  value,  had  been 
dropped  on  consideration  of  geophysical  data. 

Here  again,  1  am  afraid  that  Mr.  McPherson  does  not  appreciate 
the  full  story.  At  the  time  when  Western  Holdings,  Ltd.,  and 
African  and  European  Li vestment  Company,  Ltd.,  two  pioneers  in 
the  Orange  Free  State,  made  their  discovery,  their  prospecting  was 
based  entirely  on  geophysical  results  and  on  the  basis  of  these 
results  bore-holes  were  located  which  intersected  the  Basal  and 
Leader  reefs.  History  repeated  itself — some  of  the  rich  and 
complacent  mining  companit^s  again  tried  to  minimize  and  ignore 
the  importance  of  the  discoveries.  On  the  other  hand,  the  two 
companies  already  mentioned  joined  by  Union  Corporation,  Ltd., 
had  enough  vision  to  appreciate  the  possibilities  disclosed  by 
geophysical  results  and  a  few  bore-holes  and  have  reaped  rich 
rewards. 

At  that  stage,  of  course,  nobody  could  have  known  the  extent 
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and  coutinuity  of  the  reef  and  its  gold  content,  therefore  the 
responsible  managements  of  the  mining  companies  very  wisely 
acted  with  caution  and,  in  fact,  about  1948,  when  the  first  discovery 
was  made,  it  was  laid  down  that  areas  deeper  than  8,000  ft.  or 
thereabouts  should  be  considered  too  deep  for  immediate  explora- 
tion. Of  course,  it  is  quite  easy  to  be  wise  after  the  event.  We 
now  have  over  850  bore-holes  which  prove  that  the  gold  values  can 
be  relied  upon  to  exist  over  large  areas,  but  even  now,  if  one 
compares  the  areas  taken  up  by  the  original  discoverers  with  those 
which  have  been  turned  down — not,  as  Mr.  McPherson  sa^^s,  on 
geophysical  consideration,  but  on  consideration  of  depth — we  can 
see  full  justification  of  the  actions  taken  in  1988-89  when,  in 
addition  to  the  doubtful  points  of  the  area,  a  world  war  was 
imminent  and,  for  some  years  after,  the  balance  of  the  struggle 
appeared  to  be  against  us. 

I  would  like  now  to  give  comparisons  of  depths  between  the 
areas  originally  taken  up  by  African  and  European  Investment 
Company,  Ltd.,  Western  Holdings,  Ltd.,  and  Union  Corporation, 
Ltd.,  as  against  depth  in  the  areas  which  in  1988-89  were  considered 
too  deep.  The  figures  will  prove  that  these  areas  are  perhaps  even 
too  deep  to-day  ;  even  in  the  light  of  recent  events,  when  Orange 
Free  State  exploration  passed  from  speculation  to  the  stage  where 
hard  cash  was  needed  for  sinking  shafts,  opening  up  underground 
workings,  and  equipping  reduction  plants,  the  shallow  areas  appear 
very  favourable  as  compared  with  the  areas  abandoned  in  1938-39 
because  of  their  depth. 

Shallowest  inttsrskctiox  of  Leader  ok  Basal  Reefs 

In  (ieophyMically-rrciUcted  Shallow  AreciA  : 
On  St.  Helena  ...  ...  ...  ...  ...  ...         ...    1,086  ft. 

On  old  African  and  European  ground,  now  Wolkom  Gold  Mining 

Company      ...  ...  ...  ...  ...  ...  ...         ...    1,788  ft. 

In  (.icophysically 'Predicted  Deep  Areas  : 

P'rcddies  South         ...  ...  ...  ...  4,777  ft. 

P'retldies  North        ...  ...  ...  ...  4.811  ft. 

On  Fann  Lecuwbosch  ...  ...  ...  r),826  ft.  (no  pay  value) 

On  Fann  WeltevrtHlen  2,799  ft.  (no  pay  value) 

The  remarkable  results  achieved  by  geophysical  exploration  in 
South  Africa  were  not  the  outcome  of  random  luck,  (loophysical 
exploration  was  first  carefully  experimented  with,  then  carefully 
planned,  and.  fmally,  carried  out  on  a  much  larger  scale  than 
anywhere  in  tlu;  world  as  far  as  mining  is  concerned.  The  collabora- 
tion between  mining  engineers,  geologists,  and  geophysicists  lias 
been  most  intimate  and  most  persistent. 

We  continue  to  carry  out  geophysical  prospecting  in  South 
Africa  on  a  wide  scale  and  with  up-to-date  methods.  Recently 
some  40,000  square  miles  were  investigated  by  the  writer's  aerial 
magnetometer  unit  and   the  same  organization  intends   to   test 
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modern  seismio  techniques  applied  to  prospecting  in  the  Transvaal 
and  Orange  Free  State.  Quite  recently,  the  discoveiry  of  the  new 
gold-bearing  areas  near  Stilfontein  (New  Pioneer*  Oold  Mining  Co.) 
was  also  the  outcome  of  geophysical  prospecting  with  the  gravimeter. 

'  Time  marches  on !  '  Failures  of  geophysics  25  years  ago  are 
in  contrast  with  some  remarkable  successes  during  recent  years. 
Failures  and  successes  will  alternate.  Of  course,  it  is  childish  to 
expect  startling  results  in  every  attempt.  When  we  compare 
large-scale  discoveries  made  during  the  past  15  years  with  the  use 
of  geophysics  and  without  geophysics,  the  balance  is  much  in 
favour  of  the  combined  use  of  geology  and  geophysics. 

Dr.  Bruckshaw  was  very  modest  indeed  in  his  claims.  The  writer 
is  now  applying  large-scale  geophysical  prospecting  methods  to 
searching  for  base-mineral  deposits  and  the  next  five  years  will 
decide  the  balance  of  this  effort. 
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AUTHORS'  REPLY  TO  DISCUSSION  ON 

Diamond -Drill  Blast-Hole  Practice  at  the  Roan 

Antelope  Copper  Mine* 

By  H.  F.-C.  Nevill  and  W.  K.  Burobsb,  Associate  Members 

Messrs.  Nevill  and  Burgess :  The  authors  wish  to  thank 
Mr.  R.  M.  Peterson  for  introducing  the  paper  in  their  absence  ;  his 
introductory  remarks  definitely  filled  a  gap  in  the  paper  and,  we 
think,  must  have  made  the  subject  matter  much  clearer  to  those 
present. 

The  authors  would  also  thank  those  who  took  part  in  the  ensuing 
discussion  which  raised  a  number  of  interesting  points. 

Mr.  A.  R.  0.  Williams  states  that  in  the  hard  limestone  at 
Gibraltar  l^-in.  holes  gave  better  fragmentation  than  8-in.  holes, 
and  infers  that  it  might  be  similar  at  Roan  Antelope.  The  Roan 
ore  shales  do  not,  however,  compare  with  the  Gibraltar  limestone 
owing  to  (a)  the  laminated  nature  of  the  shales  ;  and  (6)  the 
presence  of  a  large  number  of  irregular  sHp  planes.  The  laminations 
help  the  ore  to  break  up  in  spite  of  the  greater  burdens  used  with 
the  larger  holes.  The  effect  of  movement  along  bedding  or  slip 
planes  is  diminished  when  using  larger  diameter  holes,  as  *  semi-cut 
o£fs  '  can  be  overcome  when  loading.  Also  it  has  been  found  that 
when  using  Ex  holes  the  first  ring  very  often  breaks  back  and  causes 
the  loss  of  a  number  of  holes  in  the  second  ring.  This  does  not  occur 
when  using  a  larger  burden. 

Regarding  the  use  of  Cordtex,  all  holes  except  the  very  short 
ones  have  detonating  fuse  iilong  their  full  length.  Nearly  8,000,000 
ft.  of  Cordtex  and  Primacord  have  now  been  used  without  a  single 
blasting  accident  attributable  to  its  use.  The  only  trouble 
encountered  to  date  was  when  blasting  with  Primacord  in  a 
heavily-timbered  reclamation  block ;  in  this  case  a  small  fire 
started  and  some  time  was  lost  in  clearing  the  gases  from  this  end 
of  the  mine.  Mr.  Williams's  experience  is  well  worth  remembering, 
however,  when  charging  fissured  ground. 

In  Table  IV  we  regret  that  an  error  was  made ;  *  80  per  cent 
collars '  should  have  read  '  20  per  cent  collars'.  This  means  that 
on  the  average  20  per  cent  of  the  footage  drilled  remains  uncharged. 

The  comparison  between  the  diamond  losses  sustained  for  Ex  and 
Ax  holes  (mentioned  on  p.  9)  is  worked  out  as  a  cost  per  foot 
drilled.  At  Roan  Antelope  there  is  no  relation  between  the  size 
of  the  hole  and  the  cost  per  foot  drilled. 

Since  writing  the  paper  the  Sullivan  Sinta  Set  coring  bit  has  been 
adopted  as  a  standard  throughout  the  mine  for  both  Ex  and  Bx 
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drilling,  and  it  now  costs  less,  as  far  as  bits  go,  to  drill  a  foot  of  Bx 
(2f|-in.)  than  it  does  to  drill  a  foot  of  Ex  (l^-in.)  hole. 

Mr.  6.  F.  Laycock  may  be  interested  to  hear  that  further 
experiments  are  being  carried  out  to  do  away  with  pulling  core 
when  drilling  with  a  coring  crown.  It  is  still  too  early  to  say 
whether  it  is  successful,  but,  by  using  a  special  bit  and  casing 
instead  of  rods,  it  has  been  possible  to  drill  a  60-ft.  up  hole  without 
pulling  core.  Bod  grease  for  drilling  has  been  inserted  inside  the 
casing  when  extending. 

A  considerable  footage  has  been  drilled  with  percussion  machines, 
using  extension  steel  equipment,  at  the  Eoan  Antelope  in  past  years. 

The  authors  would  agree  with  Mr.  Laycock*s  remarks  with  regard 
to  drilling  through  the  gouge,  but  would  add  that  80-85  ft.  of  hole 
has  been  found  to  be  a  practical  limit  to  extension  steel  drilling, 
while  holes  drilled  from  a  set-up  where  the  gouge  is  encountered 
generally  average  50-90  ft.  in  length.  Again,  the  size  of  the  hole 
drilled  has  to  be  considered  as  pointed  out  in  reply  to  Mr.  Williams's 
query.  Length  of  holes  drilled  varies  considerably,  of  course,  but 
a  fair  average  would  be  from  80  to  50  ft.  in  stopos  and  from  60  to 
100  ft.  in  pillars  (refer  to  Figs.  6  and  7,  Plates  V  and  VI). 

Apologies  are  due  to  Mr.  J.  A'C.  Bergne  and  Dr.  A.  W.  Groves 
for  giving  them  the  impression  that  158.  is  the  present  price  per 
carat  of  handsetting  boart.  This  was  the  price  during  the  war, 
when  most  of  our  handsetting  was  done.  During  the  last  three 
years  the  price  for  this  grade  of  boart  has  risen  to  22s.  6d.  per  carat. 
Handsetting  is  now  only  used  in  special  cases.  Experiments  have 
been  carried  out  with  ton  different  classes  and  sizes  of  stones  and 
a  grading  of  8  to  15  stonos  to  th«*  carat  of  Congo  drilling  boart  is 
preferred.  However,  the  present-day  supph-  positi<»n  of  boart  is 
so  poor  in  South  Africa  that  thi?  distributors  are  forcing  the  manu- 
facturers to  niak(»  up  the  st<jnes  as  they  are  delivered  without  any 
sortinj^^,  so  that  th(^  l)uyers  now  have  no  choice  at  all. 

The  percussion  rcK'k  drill  has  not  been  discredited  by  the  diamond 
drill  in  actual  stoping  operations.  The  choice  of  either  type  of 
machine  depends  upon  the  ground  conditions. 

Mr.  D.  H.  Shut(*'s  remarks  concerning  tlie  technique  of  manu- 
facture of  bits  wore  very  intiTosting.  Actually  we  have  already 
asked  some  manufacturers  to  make  up  non-coring  bits  with  a  soft 
centre  and  a  hard  periphery  suitable  for  our  conditions.  Also,  a 
few  bits  have  been  ordered  with  a  oilmen  ted  tungsten  carbide  matrix 
for  use  in  particularly  rouyh  rock. 

The  authors  regret  that  tliey  have  had  no  experience  of  *  reversed 
water  flow  drilling  '  i>ut  it  would  not  bo  a  practical  method  when 
drilling  in  stoping  arenas  as  the  return  water  at  present  is  frequently 
lost  down  cracks  in  th(^  rock. 

Professor    Hit  son's   remark    concerning    our   use    of    the    term 

*  dynamic   air   pressure  '   is   doubtless  justitied   from   the   purely 
scion tilic  point  of  view.    From  the  literary  point  of  view  the  words 

*  d^'namic  '    and    *  working  *    are   synonymous    according   to    the 
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Concise  Oxford  Dictionary.  The  paper  is  on  practice  at  the  Boan 
Antelope  and  is  not  intended  to  be  a  history  of  diamond  drilling 
nomenclature.  We  feel  sure  that  Professor  Eitson  must  be  familiar 
with  the  '  X '  series  of  diamond  drill  equipment  as  listed  in  the 
U.S.  Bureau  of  Standards  Publication  C.S.  17/42,  since  this  has 
been  an  accepted  standard  for  the  last  20  years.  The  relevant  bit 
sizes  are  all  given  in  Table  IV  of  our  paper. 

The  term  '  loading  efficiency  '  is  necessary  to  indicate  that  there 
is  a  direct  comparison  of  the  total  footage  drilled  for  each  size 
rather  than  a  mere  list  of  the  number  of  feet  into  which  a  case  of 
powder  may  be  tamped.  For  instance,  on  p.  24  it  was  stated 
that  a  case  of  powder  can  be  tamped  into  8  ft.  of  8|-iu.  hole,  whereas 
the  comparative  figure  in  Table  IV  is  .10.  The  actual  footages 
differ  in  the  same  way  in  the  other  sizes. 

The  authors  feel  that  whether  the  theory  of  drilling  was  touched 
on  in  Part  III  of  the  paper  may  be  left  as  a  matter  of  opinion. 
As  to  Professor  Eitson *s  comments  on  stemming,  it  is  felt  that  they 
have  been  occasioned  by  an  imperfect  reading  of  the  relevant 
paragraph  on  p.  24  of  the  paper. 

Mr.  J.  B.  Eichardson  states  that  *  Eoan  Antelope  were  the  first 
people  to  apply  the  diamond-drill  blast-hole  system  to  a  soft 
orebody  with  weak  walls  *.  We  would  wish  to  point  out  that  we 
lay  no  claim  to  being  the  first  to  do  this. 

With  reference  to  his  other  remarks  which  we  thought  were  very 
much  to  the  point,  the  figures  for  the  percentage  of  holes  lost  and 
the  maximum  time  a  hole  could  be  left  before  charging  were 
omitted  purposely,  as  they  could  be  very  misleading.  The  percent- 
age of  holes  lost  varies  according  to  the  type  of  ground,  the  weight 
being  experienced  on  the  stope  face  (this  varies  according  to  the 
rate  and  type  of  stoping,  and  its  position  in  the  basin),  and  also 
on  the  location  of  the  drilhng  chamber.  For  the  whole  mine, 
though,  this  figure  may  be  taken  as  varying  from  1  to  5  per  cent. 
For  the  above  reasons  also  the  maximum  time  a  hole  can  be  safely 
left  before  charging  varies  from  one  week  up  to  an  indefinite  period. 

Further,  we  wish  to  point  out  that  on  Fig.  1 — Geological  sketch 
map  of  Eoan  Antelope  and  Muliashi  districts — the  legend  reads  : 
*  Granites,  pegmatites,  gneisses  post-  and  pre-Eoan — undiffer- 
entiated '.  It  should  read  :  *  Granites,  pegmatites,  gneisses — pre- 
Eoan  intrusive  into  Basement  Complex'.  To  date  no  evidence  has 
been  found  to  indicate  the  existence  of  a  post-Eoan  granite. 
Between  Structure  Section  31  and  Structure  Section  41  on  Fig.  1 
where  the  *  younger  *  granite  was  assumed  to  have  intruded  the 
Eoan  sediments,  underground  development  has  shown  that  the 
absence  of  the  E.L.7  horizon  was  duo  to  the  presence  of  a  granite 
hill  in  the  old  Basement  Complex  land  surface  on  which  the  Eoan 
sediments  were  deposited.  This  absence  of  E.L.7  sediments  was 
originaly  interpreted  as  being  due  to  magmatic  stoping  by  a  post- 
Eoan  granite. 
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AUTHORS'  REPLY  TO  DISCUSSION  ON 

Notes  on  the  Treatment  of  Pyrites  Cinders  at  the 
Plant  of  the  Ps^ltes  Co.,  Inc.,  Wilmington,  Delaware* 

[  By  R.  C.  Trumbull,  W.  Habdibk,  and  E.  G.  Lawford,  Member 

Messrs.  Trumbull,  Hardiek  and  Lawford :  We  are  much 
indebted  to  Dr.  S.  I.  Levy  for  his  critical  analysis-  of  the  reactions 
which  we  gave  and  we  certainly  accept  his  well-argued  preference 
for  onr  Equation  (7)  as  representing  the  principal  chloridizing 
reaction. 

In  1987  a  check  on  the  sulphur  distribution  from  the  chloridizing 
furnaces  was  made  and  a  nine-months'  average  showed  that  72  per 
cent  of  the  sulphur  in  the  furnace  feed  reported  in  the  discharge 
from  the  furnace,  leaving  28  per  cent  reporting  with  the  gases. 
Dr.  Levy  is  probably  right  when  he  concludes  that  only  4  per  cent 
of  the  total  sulphur  is  retained  in  the  scrubbing  tower  because,  as 
will  be  appreciated,  the  purpose  of  these  scrubbers  is  to  remove 
hydrochloric  acid  gas. 

The  fact  is  that  very  little  SO2  shows  up  in  the  scrubber  acid 
and  the  reason  for  a  low  absorption  undoubtedly  is  that  SO^  is 
only  very  slightly  soluble  in  weak  hydrochloric  acid  at  the  tempera- 
tures at  which  these  scrubbers  work. 

As  some  salt  is  eventually  required  to  make  a  brine  leach  liquor 
to  extract  the  silver  there  is,  as  Dr.  Levy  points  out,  always  an 
excess  in  the  furnace  charge,  and  our  belief  is  that  where  the  sulphur 
is  present  as  copper,  zinc,  and  lead  sulphide,  or  as  mono-sulphide 
of  iron,  little  SOj  is  formed.  Where,  however,  pyrites  is  present, 
there  can  be  little  doubt  that  some  sulphur  is  calcined  directly  to 
SO)  without  entering  into  combination  with  the  salt. 

Mr.  Noakes  draws  attention  to  the  use  of  swing  hammer  mills 
for  cinder  crushing.  We  would,  however,  point  out  that  pyrites 
cinder  is  a  fairly  friable  material  and  not  to  be  compared  with  coke 
in  its  wearing  effect  upon  the  crusher  parts.  In  fact,  the  wear  on 
the  swing-hammer  mills  is  not  at  all  severe  for  this  type  of  operation. 

Answering  his  other  questions  seriatim :  Our  estimate  that 
60-70  per  gent  of  the  non-ferrous  metals  were  present  as  sulphates 
is  based  on  the  water-soluble  copper  present  in  the  cinders  as 
received.  There  is  no  other  soluble  compound  present  except  the 
sulphate.  However,  in  using  the  rather  comprehensive  term 
*  non-ferrous  metals  *  we  were  in  error  and  we  would  prefer  to 
substitute  for  *  non-ferrous  '  the  words  '  copper  and  zinc  '  and  we 
are  grateful  to  Mr.  Noakes  for  drawing  our  attention  to  this. 

*  Paper  published  Bull.  505,  Dec.  1948  ;  discussion,  BuU,  607,  Feb.  1949. 
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With  the  type  of  chloridizing  roast  described,  in  which  no  spedal 
measures  to  chloridize  the  cobalt  were  taken,  cobalt  probably 
reports  as  to  some  50  per  cent  in  the  leached  cinders  and  50  per 
cent  in  tail  liquors  leaving  the  system.  Copper  is  not  precipitated 
from  its  acid  solutions  by  scrap  iron. 

The  salt  required  to  furnish  a  brine  solution  for  silver  extraction 
is  frequently  added  directly  to  the  tanks  with  a  corresponding 
deduction  from  that  added  to  the  furnace  charge.  This  practice 
was  followed  for  a  brief  period  at  Wilmington,  but  was  abandoned 
mainly  on  grounds  of  convenience. 

The  Wilmington  specification  for  scrap  iron  has  been  fairly  strict 
in  two  respects,  in  that  it  is  customary  to  require  that  the  scrap  iron 
shall  be  supphed  in  loose  bundles  and  not  in  compressed  bales  and 
that  tinplate  scrap  shall  not  be  present.  The  reason  for  this 
specification  is  that  tin  remains  with  the  precipitated  copper  and 
some  smelters  impose  a  penalty  if  this  element  is  present. 

Eotary  filters  were  used  at  one  time,  but  it  was  found  that  these 
were  costly  in  operation  and  very  difficult  to  maintain  in  service. 
It  will  be  realized  that  an  acid  liquor  containing  some  copper  in 
solution  is  extremely  corrosive  to  almost  all  metals,  while  pieces 
of  scrap  iron  in  the  slurry  helped  to  complicate  the  abeady  difficult 
problem  of  filter-cloth  expense.  Silver  is  fully  precipitated  from 
its  solution  by  zinc,  iron  or  copper  in  the  conditions. 

Dr.  Groves  raises  a  question  which  is  really  outside  the  scope  of 
our  paper  and  we  must  beg  leave  to  be  excused  from  offering  a 
reply. 

In  answer  to  Mr.  Gordon  Duncan's  question,  it  must  bo  stated 
that  there  is  practically  nothing  which  the  cinder-treatment  plant 
can  do  regarding  the  sulphur  content  of  luvip  pyrites  cinders. 
When  using  lump  burners  calcination  is  invariably  poor  and  the 
resulting  sulphur  content,  of  normal  cupreous  pyrites,  is  never 
lower  than  the  figure  desired  by  the  chloridizing  operator.  Pyrites 
fines  are  usually  calcined  to  much  lower  sulphur  content  and  it  is 
usually  necessary  to  add  green  pyrites  to  the  chloridizing  charge  in 
order  to  make  up  the  deficiency.  There  is  a  long  record  of 
experience  at  Wilmington  on  woll-calcined  cinders  and  on  those 
burned  to  the  sulphur  content  desirable  for  chloridizing.  In  the 
former  case,  pyrites  has  to  bo  added  and  our  view  is  that  there  is 
no  practical  difference  at  all  between  the  two  conditions. 

We  thank  Mr.  Stanley  Robson  for  his  remarks  ;  we  are  very 
interested  in  the  suggestion  which  he  threw  out  concerning  the 
possible  reaction  between  salt  and  sulphur  dioxide  in  the  furnace 
with  the  production  of  hydrochloric  acid  and  sodium  sulphate. 

In  reply  to  Mr.  J.  Jacobi  we  must  make  it  plain  that  the  Wil- 
mington zinc  chloride/sulphate  solutions  were  sold  as  such  and  no 
attempt  was  made  to  precipitate  the  zinc.  In  Germany  zinc  is 
precipitated  as  the  hydroxide  and  then  calcined  to  oxide.  Mr. 
Jacobi  is  right  in  saying  that  there  are  difficulties  ;  these  are  mainly 
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concerned  with  loss  of  zinc  during  the  precipitation  of  iron  and 
cobalt,  both  of  which  elements  have  to  be  removed  before  the  zinc 
is  thrown  down. 

We  would  remind  Mr.  Harry  8.  Lancaster  that  Wilmington  were 
selling  this  lead  in  U.S.A.  and  that,  at  the  time  to  which  he  refers, 
the  American  price  of  the  metal  was  7  cents  per  lb.,  or  £89  per  ton. 

Recovery  of  lead  by  a  special  tapping  of  the  iron  blast  furnace 
is,  or  was,  occasionally  practised  in  Europe,  but  this  is  not  feasible 
with  the  modem  blast  furnaces.  We  have  seen  lead  tapped  from 
the  iron  furnaces  in  Europe,  but  only  in  cases  where  the  furnaces 
were  small. 
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The  large  number  of  these  holes  drilled  renders  possible  a  dependable 
decision  as  to  the  correct  stoping  width. 

Self-potential  methods  of  geophysical  prospecting  have  been 
tried  at  Murchisou,  but  the  mineralization  was  too  inert  to  give 
any  positive  results.  The  line  of  minerahzation  is  not  always 
apparent  on  the  surface  :  indeed,  it  appears  that  there  are  probably 
large  gaps  whore  mineralization  is  extremeU^  sparse  or  non-existent. 
The  inclusion  in  the  paper  of  a  longitudinal  section  along  the  entire 
strike  of  the  Company's  claims  was  contemplated,  but  the  idea  was 
rejected,  because  it  was  felt  that  it  would  have  been  of  little  value. 
If  Mr.  Eichardson  will  imagine  a  sheet  of  paper  18  ft.  long  with  six 
patches  each  about  li  in.  long  and  varying  in  depth  from  1  to  3  in. 
he  will  understand*  that  most  of  the  paper  would  be  blank  and  I 
think  he  would  agree  with  the  decision  ;  also,  this,  I  think,  will 
explain  why  an  underground  haulage  system  is  out  of  the  question. 

When  drilling  a  hole  from  surface  the  position  of  the  dolomitic 
zone  is  known  with  fair  certainty  from  previous  holes.  Consequently, 
time  is  saved  by  drilling  down  to  this  zone  with  a  non-coring  bit. 
Afterwards,  cores  are  taken  to  the  end  of  the  zone.  No  sludge 
samples  are  taken  and  on  account  of  the  relative  shortness  of  the 
holes  (average  depth  about  600  ft.)  no  deflections  are  made. 

With  regard  to  the  method  of  mining,  I  entirely  agree  with 
everything  that  Dr.  Keep  said.  All  the  drawbacks  of  the  shrinkage 
method  mentioned  by  him  are  experienced  at  Murchison  and  there 
is  no  doubt  that  where  weak  side-walls  exist  the  method  can  be 
dangerous  and  wasteful.  As  the  President,  pointed  out,  however, 
Murchison  is  really  a  group  of  small  mines  in  which  conditions  vary 
considerably  and  it  is  probable  that  no  one  method  would  be 
suitable  for  the  whoh*  group.  In  the  early  days  of  the  mine,  when 
work  was  confined  to  shallow  depths  where  the  side-walls  are 
normally  strong  and  rock  pressures  low,  the  shrinkage  system 
was  probal)ly  the  best,  but  it  is  ovident  to-day  that  with  increasing 
depth  some  modification  is  called  for  in  certain  sections  of  the  mine. 

I  think  I  was  misquoted  as  saying  that  all  our  stopes  are  now 
worked  on  the  cut-and-fill  method.  So  far,  only  three  stopes  of 
this  type  have  been  lai<l  out  and  all  are  giving  satisfactory  results 
with  waste  till  blasted  from  the  side-walls.  Pollution,  the  curse  of 
shrinkage  stoping,  has  been  stopped  and  the  danger  of  caving  has 
been  avoided.  The  most  difficult  problem,  however — the  wide 
stope — remains,  since  it  is  difficult  to  blast  enough  waste  from  the 
side-walls  to  fill  it.  We  have  not  so  far  faced  up  to  orthodox  cut-and- 
fill  with  fill  raises  to  surface.  No  cost  figures  are  yet  available  to 
give  a  comparison  of  efficiencies  between  shrinkage  and  cut-and-fill 
stoping :  I  venture  to  predict  that  cut-and-fill  will  be  more 
expensive  ptT  ton  of  rock,  but  cheaper  per  ton  of  antimony  mined. 

Mr.  Richardson's  enquiry  regarding  units  is  natural.  '  Fathoms 
broken  prT  case  of  explosives  '  means  '  cubic  fathoms  broken  per 
60-lb.  case  of  50  per  cent  ammon  dynamite  \  I  agree  that  the 
cubic  foot  and  pound  avoirdupois  would  be  more  logical  units  but 


CONSOLIDATED   MI'IU'IIISON   GOI.DFIKLDS,   TRANSVAAL   -   RKPIA'     77 

tho  stated  units  are  usual  in  South  Africa  for  reasons  which  are 
unknown  to  me.  It  is  also  customary  to  use  the  short  ton  in  mining 
and  this  is  the  weight  denoted  by  the  word  '  ton  '  in  the  paper, 
except  when  referring  to  weights  of  antimony  concentrates  or 
'  cobbs ',  when  the  '  long  ton '  is  specifically  stated  in  the  text. 
The  *  tonnage  broken  per  shift  per  underground  native  employed  ' 
means  all  natives  employed  underground,  including  survey,  samp- 
ling, diamond-drilling,  pumping,  onsetting  and  timbering  personnel, 
in  addition  to  breaking,  lashing  and  tramming  gangs. 

In  reply  to  Dr.  Keep,  40  per  cent  dynamite  has  been  tried,  but 
breaks  too  large,  causing  eventual  trouble  in  the  stope  boxes ; 
since  the  difference  in  price  between  40  per  cent  and  50  per  cent 
dynamite  is  very  small,  we  have  standardized  on  the  latter  for 
stoping.  Owing  to  supplies  of  gelignite  having  become  more 
plentiful,  this  type  of  explosive  is  now  used  exclusively  in  develop- 
ment. 

Winzes  are  always  sunk  vertically,  even  if  they  pass  outside  the 
limits  of  the  orebody,  to  facilitate  the  rapid  hoisting  of  dirt. 
Winzing  is  preferred  to  raising  for  the  reasons  given  in  the  text — 
viz.  (a)  owing  to  the  nature  of  the  rock,  pumps  are  never  required  ; 
(h)  in  raising,  the  blasting  out  of  sprags  wastes  valuable  European 
time,  and  (c)  a  good  deal  of  pilot  winzing  is  done  to  push  develop- 
ment on  a  new  level  well  ahead  in  advance  of  the  haulage. 

In  reply  to  Mr.  N.  H.  Monro,  the  tests  on  tungsten-carbide-tipped 
steel  were  conducted  with  35  m.m.  diameter  bits  inset  direct  into 
|-in.  dia.  hexagon  steel.  The  bits  were  discarded  when  they 
reached  a  gauge  of  27  m.m.,  when  binding  in  the  hole  began  to 
occur.  Gauge  loss  is  extremely  important  in  judging  the  correct 
time  at  which  to  regrind  the  bit. 

All  steels  issued  are  returned  to  the  shops  for  regrinding  whether 
they  have  been  used  or  not ;  this  reduces  fractures  to  a  minimum 
since  they  are  generally  due  to  neglect  in  grinding.  The  bits  are 
ground  on  a  specially-designed  grinder,  which  gives  the  correct 
shape.  The  average  footage  drilled  per  bit  to  date  is  338  ft.,  but 
this  is  over  too  short  a  period  to  be  reliable  ;  it  will,  I  beUeve,  be 
considerably  improved  in  course  of  time. 

The  President's  questions  regarding  tungsten-carbide  bits  requires 
a  lengthy  answer.  There  is  no  doubt  that  the  chisel  tungsten- 
carbide  bit  is  faster  in  any  class  of  ground  than  the  ordinary 
cruciform  bit.  Comparative  figures  at  Murchison  are  2-9  in./min. 
in  hard  ground,  7-9  in./min.  in  medium  ground,  and  16-75  in./min. 
in  soft  ground  with  tungsten-carbide,  against  1-7,  6*0,  and  12*96 
in./min.  respectively  with  ordinary  steel.  More  important  than 
penetration  speed  is  loss  of  gauge  per  foot  drilled,  because  this 
determines  the  life  of  the  bit.  I  was  engaged  two  years  ago  on 
rather  extensive  tests  with  tungsten-carbide  bits  on  a  large  Wit- 
watersrand  mine  and  it  became  clear  that  a  different  conception  of 
*  hardness  of  ground  '  must  be  used  when  deaUng  with  tungsten 
carbide.     My  conclusion  then  was  that  the  success  of  tungsten 
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carbide  depends  mainly  upon  the  abrasiveness  of  the  rock  and  that 
it  was  evident  that  steel  and  tungsten  carbide  have  different 
characteristics  in  this  respect  and  that  a  rock  which  causes  rapid 
abrasion  of  steel  will  not  necessarily  show  the  same  relative  abrasion 
on  tungsten  carbide.  Eesults  seemed  to  show  that  this  was  in  some 
way  connected  with  the  grain  structure  of  the  rock  and  that 
tungsten  carbide  showed  its  most  marked  superiority  in  very  hard 
but  fine-grained  rocks.  More  recent  work  at  Murchison  appears 
to  show  that  tungsten  carbide  has  a  wider  field  than  was  thought 
in  softer  rocks. 

Regarding  overall  costs  of  tungsten  carbide  drilling,  the  cost  of 
steel  only  when  drilling  with  ordinary  steel  was  1-1 74d.  per  foot 
drilled,  averaged  over  two  years  ;  with  tungsten-carbide  jumpers, 
the  cost  of  jumpers  only  was  2*05dd.  per  foot  drilled.  The  price  of 
tungsten-carbide  jumpers  is  55s.  6d.  per  4  ft.  6  in.  jumper  and 
59s.  9d.  per  6  ft.  9  in.  jumper.  The  cost  of  the  steel,  however,  is 
only  part  of  the  story.  In  the  tests  already  referred  to  a  complete 
study  of  several  stopes  and  development  ends  was  done  for  two 
months  during  which  details  of  air  pressures,  drilling  speeds,  depth 
of  holes,  time  delays,  fathoms  broken,  explosives  used,  tonnage 
trammed,  and  labour  employed  were  noted  and  costed  out ;  the 
cost  of  transporting  steels  and  sharpening  was  also  calculated. 
From  all  those  data  it  was  possible  to  determine  at  what  price 
tungsten-carbide  jumpers  must  sell  in  order  that  stoping  or  develop- 
ing costs  should  be  the  same  as  with  ordinary  steel. 

This  is  as  far  as  undorgroimd  observations  can  take  us  but  it  is  by 
no  moans  the  end  whon  a  decision  has  to  l)e  reached  whether  to 
equip  a  mine  with  tungsten  carbido  or  not.  If  by  the  introduction 
of  tunp;stoii  carl)ide  labour  is  saved,  then  even  if  mining  costs  are 
higher  it  may  still  pay  to  convert.  As  Mr.  Dennison  stated,  by  the 
introduction  of  tungsten-carbidi^  jumjxTs  at  Murchison  it  has  been 
possible  to  dispc^iiso  with  whole  machint^  pangs,  one  machine  in 
some  casos  doing  th(»  work  which  two  did  formerly  ;  in  addition, 
each  niacliiiie  gang  has  been  reduced  by  one  boy  and  further  labour 
has  b<MMi  sa  v(m1  in  transport  and  in  tln'  sharpening  shops.  The  labour 
thus  savt'd  has  in  actual  fact  bei»ii  used  for  other  work,  for  which 
no  labour  was  available — viz.  development  and  ccmstruction  :  work 
which  is  non-productive  now,  but  which  w^ill  pay  dividends  in 
future  years.  Hut  many  mines  to-day  ar(>  milling  well  below  their 
maximum  capacity  for  the  sole  reason  that  insufficient  labour  is 
available.  In  sucli  cases,  labour  saved  by  the  introduction  of 
tunf]jsten  carbide  could  be  used  for  the  production  of  additional 
tonnage.  It  is  always  the  last  few  tons  which  yield  the  profit,  so 
that  the  linaiicial  advantage  to  the  company  may  be  out  of  all 
proportion  to  the  value  of  the  labour  saved. 

In  answer  to  Mr.  Richardson  and  Dr.  Keep  regarding  the 
reclamation  of  pillars,  the  systematic  extraction  of  these  pillars 
has  onlv  been  started  comparativelv  recentlv  and  so  far  onlv  the 

»  A  I  %■  ft       

npprr  levels  which  were  driven  in  the  reef  have  been  tackled.    The 
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method  is  to  start  work  at  the  travelling  way  at  the  extreme  end 
of  the  orebody  and  retreat  to  the  shaft ;  downholes  are  drilled  and 
the  blasted  rock  faUs  down  through  the  empty  stope  beneath  and 
is  recovered  in  the  level  below.  The  machine  boys  are  secured  by 
safety  belts  attached  to  the  sidewalls  by  chains  and  hooks.  So  far 
only  one  level  has  been  completed  and  the  results  have  been 
surprisingly  good,  over  90  per  cent  being  recovered.  It  is  evident 
that  in  areas  where  the  walls  are  very  weak,  nothing  like  this 
percentage  extraction  will  be  achieved  if,  indeed,  it  is  possible  with 
safety  to  extract  anything.  In  some  stopes,  the  15-ft.  pillar  has 
collapsed  before  the  stope  is  completely  drawn.  I  agree  that  a 
cut-and-fill  method  would  allow  complete  extraction  if  combined 
with  foot- wall  haulage  layout,  except  in  very  weak  ground  because, 
unhke  shrinkage  stoping,  it  allows  solid  support  of  the  hanging  when 
approaching  the  top  of  the  stope.  We  have  every  hope  of  acMeving 
this  in  the  cut-and-fill  stopes  now  in  progress. 

I  was  very  interested  to  receive  a  contribution  from  Mr.  J.  C. 
Mance.  While  doing  some  research  into  old  files  in  connection  with 
this  paper  I  came  across  a  report  of  his  written  in  1984,  which  gave 
from  memory  the  results  of  his  work  at  the  Free  State  mine  when  it 
closed  down  in  1907.  This  report  was  of  great  value  to  me  and  I 
am  sure  Mr.  Mance  will  be  interested  to  know  that  the  re-sampling 
recently  of  several  old  drives  agreed  very  closely  with  his  figures. 

Eegarding  the  Assay  Plan  Factor,  the  gold  values  are  always 
erratic  and  the  antimony  values  are  usually  so,  but  to  a  lesser 
degree.  Gold  values  over  50  dwt.  are  reduced  to  the  average  of 
values  on  either  side,  an  arbitrary  method,  which,  as  Dr.  Keep 
suggests,  might  be  too  rigorous  and  lead  to  the  high  A.P.F.  for  gold. 
Erratic  antimony  values  are  not  so  reduced.  I  also  agree  with 
Mr.  E.  J.  Pryor's  opinion  that  the  discrepancy  between  the  A.P.F.s 
for  gold  and  antimony  is  partly  due  to  sampling  technique,  since 
high  antimony  values  are  invariably  in  friable  ground  and  high 
gold  values  usually  in  hard  ground. 

There  is  undoubtedly  considerable  dilution  in  stoping,  evidenced 
by  the  fact  that  a  stope,  when  drawn,  yields  a  higher  tonnage  in 
nearly  every  case  than  had  been  originally  estimated.  Therefore, 
Mr.  Richardson's  statement  that  the  recovery  of  l)oth  metals  is 
higher  than  82-75  per  cent  is  correct. 

The  effects  of  these  three  influences  on  the  Assay  Plan  Factors 
for  the  two  metals  mav  be  shown  thus  : 

Reduction  of       Faulty  Sample        Dilution  Net 

High  Au  Values  Cutting  of  Sidewalls  Result 

Sb  _  _  _ 

Au  +  +  —  + 

I  do  not  think  that  the  dip  has  much  influence  on  Assay  Plan 
Factor  as  suggested  by  Mr.  Donnison.  AMiile  I  enter  this  contro- 
versial field  with  trepidation,  I  give  my  opinion  for  what  it  is  worth 
that  in  my  experience  on  the  Witwatersrand  and  elsewhere  thei 
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value  of  washings  from  slopes  of  all  dips  conforms  in  the  main  quite 
closely  to  the  sampled  value  of  the  stope  itself,  except  in  those 
stopes  where  a  rich  band  of  reef  lies  contiguous  to  the  foot-wall,  a 
common  phenomenon  on  the  Eeef.  I  came  to  the  conclusion^ 
rightly  or  wrongly,  that  the  chief  merit  in  washing  a  stope  was  to 
enable  the  senior  officials  to  see  whether  the  reef  had  been  cleanly 
mined  to  the  foot-wall,  and  I  must  say  that  in  many  cases  the 
expense  was  justified. 

In  reply  to  Dr.  S.  W.  Smith's  queries  regarding  assaying  pro- 
cedure, the  usual  amount  of  sample  taken  is  one  assay-ton  (short 
ton).  The  nitre  and  additional  litharge  are  added,  if  required,  to 
the  stock  flux  and  thoroughly  mixed  with  the  sample  before  fusion. 
The  amount  of  nitre  and  litharge  to  be  added  depends  upon  visual 
examination  of  the  sample  by  the  assayer,  long  experience  of 
continuous  assaying  of  this  type  of  ore  having  given  him  a  consider- 
able degree  of  skill  in  this  respect.  Even  so,  an  error  of  judgement 
is  sometimes  made  and  then  more  fluxing  material  has  to  bo  added 
after  fusion  has  commenced.    No  scorification  is  necessary. 

When  assaying  antimony  concentrates  for  gold,  only  J  assay-ton 
of  the  sample  is  taken  and  mixed  with  80  g.  of  the  stock  flux, 
with  the  addition  of  5  g.  silica,  20  g.  nitre,  and  20  g.  red  lead. 
Direct  fusion  follows  with  no  scorification.  No  trouble  is  experienced 
with  cupcllation  and  results  conform  closely  with  checks  done 
frequently  on  the  Hand  (where  a  roasting  method  is  used)  and  in 
London.  The  total  time  required  for  a  gold  assay  from  the  time 
of  reception  of  sample  to  issue  of  result  is  3  hours. 

Replyinjj:  to  Mr.  ¥.  D.  L.  Noakes,  the  amount  of  fluorspar  stated 
does  not  give  a  slag  which  is  too  thin.  The  price  of  fluorspar  is 
approximately  one  (juarter  the  price  of  borax. 

Li  answer  to  Mr.  D.  (r.  Armstrong's  questions  on  the  ore  reduction 
process  the  average  niillheads  are  2-8  dwt.  Au  and  4-67  per  cent  Sb. 
He  has  put  his  linger  on  a  weak  spot  in  the  crusher  layout  ;  the  size 
of  the  openings  in  the  roarse  ore-bin  grizzly  is  1-4  in.  by  14  in.  ^Ve 
do  have  trouble  with  occasional  large  rocks  rolling  down  the  incline 
belt  and  big  rocks  luive  to  ])e  taken  otT  the  picking  bolt  and  broken 
up  by  hannner  because  the  jaw  crusher  is  too  small  to  take  them. 
For  the  same  reason,  the  picking  belt  frequently  has  to  be  stopped 
to  allow  tile  jaw  cruslier  (o  fn»e  itsi^lf.  Tliese  defects  will  be  remedied 
in  the  new  design  f()r  the  enlarged  mill,  which  will  increase  the 
capacity  to  14,000  tons  monthly.  (The  present  mill  was  designed 
for  a  throughput  of  8,000  tons  and  is  actually  doing  over  11,000  tons 
numthly.)  In  IIk^  new^  layout,  the  run-of-mine  ore  will  pass  through 
a  jaw-crncrker  before  passing  up  the  incline  belt  and  a  larger  jaw- 
crusher  will  take  tlie  plac*e  of  the  present  one  of  dimensions 
1()  in.  by  \)  in.  Th(»  angle  of  the  jaw-crusher  discharge  chute,  which 
is  lined  with  ^I.S.  j)late,  is  correct  as  stated  at  32°  and  no  trouble  is 
experienced  with  choking. 

No  overgrinding  is  apparent  in  the  mills,  since  they  receive  a 
heavy  return  from  the  classifiers  which  give  an  overflow  of  70  per 
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cent  minus  200-me8h,  of  which  38  per  cent  is  minus  d50-mesh.  The 
dimensions  of  the  mills  should  have  read  5  ft.  by  16  ft.  6  in.  and 
5  ft.  by  7  ft.  4  in.,  and  of  the  strake  tables,  8  ft.  by  7  ft.  6  in.  and 
8  ft.  by  4  ft.  6  in. 

The  lining  of  the  mills  is  similar  to  that  used  on  the  Witwaters- 
rand.  Corrugated  bricks  are  used,  20^-in.  long  by  8  in.  wide,  the 
thickness  varying  from  3  in.  at  the  crest  to  H  in.  at  the  joint. 
Bricks  are  not  bolted  into  position,  but  are  keyed  at  joints  with 
M.S.  keys  of  various  thicknesses  depending  on  the  gajis. 

With  regard  to  talcy  gangue,  w^hich  Mr.  F.  T.  C.  Doughty  also 
queried,  it  is  preferred  that  this  material  should  float  in  the  gold 
section,  otherwise  it  comes  up  on  the  antimony  section,  reducing 
the  grade  of  the  concentrate.  The  antimony  content  of  the  talcy 
gangue  concentrate  is  about  2  per  cent  Sb. 

The  Cambridge  electrical  pyrometers  are  bricked  in  above  the 
flue  of  the  roaster.  It  is  agreed  that  it  is  the  temperature  of  the 
ore  on  the  hearth  which  matters,  but,  since  the  roaster  is  closed  in, 
the  temperature  of  the  atmosphere  inside  the  roaster  forms  a 
reliable  guide  to  operating  conditions.  Calcine  from  the  roaster 
causes  very  little  dusting  in  its  passage  to  the  storage  bin. 

About  60  per  cent  of  the  gold  in  the  calcine  is  recovered  in  the 
first  treatment  and  10  por  cent  in  the  second.  No  trouble  is 
experienced  with  zinc  provided  it  is  thoroughly  washed  and  dipped 
into  lead  nitrate  solution. 

With  regard  to  the  tabling  of  antimony  concentrates,  we  have  no 
difficulty  with  frothing  on  the  table.  Concentrate  is  watered  down 
to  15  :  1  liquid/solid  ratio  in  the  cell  launders  before  being  pumped 
to  the  tables  and  frothing  only  occurs  if  the  spray  water  on  the 
tables  is  for  any  reason  stopped. 

In  reply  to  Mr.  Doughty,  nickel  sulphide  does  go  through  to  the 
antimony  section  to  some  extent — the  concentrates  as  shipped 
containing  roughly  0-07  per  cent  Xi  and  12  dwt.  An  per  long  ton. 

In  reply  to  Mr.  E.  J.  Pryor  and  Mr.  Doughty,  the  actual  gold 
recovery  based  on  millheads  is  approximately  54  per  cent,  the 
losses  being  flotation  tails  17  per  cent,  calcine  3  per  cent,  and  gold 
in  antimony  concentrates  26  per  cent.  Th<^  smalters  pay  for  part 
of  the  gold  in  the  concentrates,  so  that  this  is  not  all  a  financial 
loss.  This  is  not  a  good  recovery,  l>ut  the  problem  is  to  find  the 
best  compromise  between  the  optimum  gold  recovery  and  the 
optimum  antimony  recovery.  Before  antimony  was  produced  for 
the  market,  the  actual  recovery  of  gold  was  about  80  per  cent.  In 
the  early  davs  of  antimonv  sah^s,  the  East  mill  was  turned  over  to 
the  treatment  of  antimonv  and  the  West  mill  was  retained  for  the 
production  of  gold  only.  Later  both  mills  were  turned  over  to 
treat  antimony.  This  explains  why  the  flow-sheets  of  the  two  mills 
are  different  to-day.  but  there  is  practically  no  difference  in  the 
efficiency  of  the  two  units  nor  in  the  quality  of  concentrates  pro- 
duced.   The  enlargement  to  the  mill  will  replace  the  present  West 
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mill  and  will  be  very  similar  to  the  present  East  mill.  I  hope  this 
answers  Professor  C.  W.  Dannatt's  question. 

I  thank  Mr.  J.  A'C.  Bergne  for  his  remarks  in  connection  with 
the  power  plant.  He  has  certainly  raised  a  subject  which  has  been 
a  source  of  anxiety  to  successive  managers  of  this  property  for  yean 
past.  I  can  only  say  that  even  with  indifferent  equipment,  it  ii 
surprising  what  can  be  done  with  a  devoted  and  competent 
engineering  staff.  Since  the  paper  was  written  we  have  installed 
a  new  1,000  kW  generator  driven  by  a  1,440-h.p.  General  Motors 
engine  which  is  the  last  word  in  diesel  design.  We  are  now  looking 
forward  to  a  comparatively  trouble-free  period  in  regard  to  power. 

It  is  true  that  engineering  staff  account  for  practically  half  our 
total  executive,  but  the  indifference  of  the  plant  is  not  the  chief 
reason.  We  are  at  present  engaged  on  a  large  programme  of 
construction  and  the  numbers  given  in  the  paper  include  masons, 
carpenters,  plumbers,  etc.,  engaged  on  this  work,  in  addition  to 
winding-engine  drivers  and  a  fair  sprinkling  of  apprentices. 

In  reply  to  the  President's  queries  regarding  water  supply,  the 
total  head  from  the  pumps  to  the  tanks  on  the  top  of  Maid  of 
Athens  Kop  is  481  ft.  The  head  from  the  river  to  the  pumps 
varies  according  to  the  height  of  the  river,  but  is  15  ft.  in  nomud 
weather.  Recently  in  order  to  increase  the  water  supply  to  the 
mine  for  the  enlarged  mill  and  also  to  supply  water  to  the  newly- 
developed  Gravelotto  and  Jack  West  mines,  a  reservoir  and  75  h.p. 
pump  have  been  installed  at  a  point  on  the  pipe  line  825  ft.  below 
Athens  Kop.  The  main  pumps  can  now  either  pump  direct  to  the 
mine  as  l^efore  or  can  deliver  to  the  new  reservoir,  which  is  80  ft. 
in  diameter  and  6  ft.  deep,  the  water  being  pumped  thence  to  the 
mine  by  the  new  transfer  pump  which  can  also  deliver  through  a 
3-in.  main  to  Gravelotte. 

The  filter  is  placed  on  top  of  the  mine  ridge,  near  the  central 
power  station.  The  water  from  Athens  Kop  reservoir  flows  directly 
into  it  under  natural  head.  Water  for  the  mill  may  be  tapped  from 
the  pipe  lino  en  route.  As  stated  in  the  paper  all  domestic  water  is 
now  filtered  ;  water  for  boilers  and  engine  jackets  may  be  taken 
filtered  or  inifiltered  as  desired. 
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The  Nuffield  Foundation : 
Fellowships  and  Scholarships  for 
the  Advancement  of  Extraction 
Metallurgy 

During  the  year  1050  the  XufTield 
Foundation  is  again  ofTering  a 
limited  number  of  fellowships  and 
scholcurships  with  the  object  of 
advancing  research  and  training  in 
extraction  metallurgy.  Citizens  of 
Great  Britain,  the  Commonwealth, 
and  Empire  are  eligible  to  apply. 

Travelling  Fellowships  are  open  to 
men  who  are  members  of  the  teach- 
ing staff  of  Universities  and 
approve<l  Schools  of  Mines  and 
Metallurgy. 

Travelling  Postgraduate  Scholar- 
ships are  offered  to  junior  members 
of  the  profession  who  are  graduates 
of  Universities  and  approved  Schools 
of  Mines  and  Metallurgy. 

Vacution  Scholarships  are  offered 
to  mining  and  met^&Ilurgical  students 
at  Universities  and  approved  Schools 
of  Mines  and  Metallurgy. 

AppUcations  for  fellowships  and 
scholarships  to  be  t-akeu  up  in  1950 
must  be  received  before  1st  Novem- 
ber, 1949,  by  the  Secretary.  NuJfield 
Foundation,  12  and  13,  Mecklon- 
burgh  Square,  London,  W.C.  1, 
from  whom  full  ptirt  iculars  ami 
application  forms  can  also  be 
obtained. 

Bellby  Memorial  Awards 

Consideration  is  to  be  given  to  tho 
making  of  an  award  or  awards^  from 
the  Sir  Ooorge  Beilby  Moniorial 
Fund  early  in  1950,  and  the  adminis- 
trators  (rei>resenting  Tho  Koyal 
Instituto  of  Chemistry,  The  Society 
of  Chemical  Industry,  and  Tlio 
Institute  of  Metals)  will  welcome 
information  before  31st  December, 
1949,  to  asHist  thcni  in  their  select  ion. 

Awards  are  ma«ie  to  Britisli  in- 
vestigators in  science  to  mark  ap|)re- 
ciation  of  reconls  of  distinguished 
work.  Preference  is  given  to  investi- 
gations reflating  to  the  speeial 
interests  of  Sir  George  Beilby, 
including  problems  coimeetcd  with 
fuel  economy.  cliemi<"Hl  engineering 
and  rnetalhiriry.  and  awards  are 
maile  not  on  the  n^sult  of  any  com- 
petititm  but  in  nvognition  of  con- 
tU)Uou!9  work  of  exireptional   merit. 


bearing  evidence  of  distinct  advance- 
ment in  science  and  practice.  In 
general,  awards  are  not  applicable 
to  workers  of  established  repute,  but 
are  grant€Kl  as  an  encouragement  to 
younger  men  who  have  done  original 
independent  work  of  exceptional 
merit  over  a  period  of  years. 

In  recent  years  the  amount  of 
each  award  has  commonly  been 
100  guineas. 

Communications  drawing  the  at- 
tention of  the  administrators  to 
outstanding  work  of  the  nature 
indicated  should  be  addressed  to  the 
Convenor,  Sir  George  Beilby  Memor- 
ial Fund,  Royal  Institute  of  Chemis- 
try, 30,  Russell  Square,  London,. 
W.C.  1. 

The  Scientific  Instrument  Manu- 
facturers Association :  Electro- 
nics Symposium,  1949 

The  Scientific  Instrument  Manu- 
factun^rs  Association  has  decide<l  to 
hold  an  Electronics  Symposium  each 
year,  and  the  1949  meetings  will  be 
held  at  the  Examination  Hall,  Queen 
Square,  Ixmdon,  W.C.  1,  from  Wed- 
nesday to  Friday,  2nd  to  4th 
November.  A  series  of  technical 
papers  will  be  rearl  and  briefly 
dis(?ussed,  and  the  latest  types  of 
British  H(;icntitic  and  electronic  in- 
struments will  be  demonstrated. 
Full  details  of  the  exhibits  and 
resumeH  of  the  ])apers  to  be  read  are 
obtainable  from  the  Secretary  of  the 
8<ientific  Instrument  Manufacturers 
Association  of  Great  Britain,  Ltd., 
17,  Princes  Gate,  London,  S.W.  7. 
Admission  to  the  Symposium  will  be 
bv  ticket. 

Rlection  of  Members  of  Council 
for  the  Session  1950-51 

As  |)r(n'iously  annomiced,  the  new 
Bye-law.s  governing  the  constitution 
of  tho  Council  and  its  mode  of 
election  will  affect  nominations  for 
the  election  of  Council  for  the  session 
1 9;>0  ")  1 .  Nominat  ions  for  t  he 
election  of  Ordinary  Members  of 
Council  [see  Bye-law  27  (iv)]  and 
Oversi'tis  Members  of  Council  \see 
Bye-law  2S  (iii)^  should  be  sent  to 
the  Se(.'retary  of  the  Institution  to 
reach  him  nr)t  later  than  1st  Novem- 
ber, 1949. 
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Bfr.  S.  HiOHAM,  AMociaie  Member^ 
has  returned  to  England  from  Bula- 
wayo  on  leave. 

Mr.  A.  W.  HooKB»  Member,  has 
returned  to  England  from  the  Gold 
Ck>ast. 

Mr.  R.  C.  Howard •GoLD8BCiTH» 
Aasociaie  Member,  has  joined  the 
staff  of  the  Corro  de  Pasco  Copper 
Corporation,  Peru. 

Mr.  H.  £.  Jeffbry,  Associate 
Member,  has  returned  to  England 
from  the  Kolar  Gold  Field  to  join 
the  staff  of  Messra.  John  Taylor  A 
Sons. 

Mr.  R.  B.  Johnston,  Student,  has 
taken  up  the  position  of  mining 
engineer  to  Straits  Consolidated  Tin 
Mines,  Ltd.,  Kroh,  Upper  Perak. 

Mr.  K.  J.  Kennedy,  Student,  has 
left  England  for  the  Transvaal. 

Mr.  J.  X.  L.  MoNBO,  Student,  has 
left  England  for  Nigeria. 

Mr.  G.  E.  Osborne,  Student,  is 
returning  to  England  from  Malaya 
on  leave. 

Mr.  W.  J.  Paue,  Aeaoeiate  Member, 
is  returning  to  England  from  Sierra 
Leone. 

Mr.  V.  A.  Phillips,  Student,  has 
left  England  and  is  now  in  the 
United  States. 

Mr.  H.  R.  Potts,  Member,  has  left 
England  on  a  professional  visit  of 
several  months*  duration  io  Queens- 
land, Australia. 

Mr.  C.  Reynolds,  Associate  Mem- 
ber, has  left  England  to  take  up  a 
post  in  Uganda. 

Mr.  A.  J.  Roberts,  Student,  has 
returned  to  Englcmd  from  the  Gold 
Coast. 


Mr.  J.  £.  R0B8OV,  Jimoeiatt 
Member,  has  returned  to  tho  QM 
Coast  after  leave  in  England. 

Dr.  G.  A.  SoHKKLuiAifN*  Member, 
has  been  appointed  mines  manayir 
of  the  BfiUom  ft  Aakam  Hematite 
Iron  Co.,  Ltd. 

Bfr.  R.  p.  Shxfpakd,  Shideni,  has 
returned  to  India  after  laave  in 
England. 

Mr.  D.  M.  Sheridan,  Aeeoeiaie 
Member,  in  partnership  with  Mr. 
Tom  Edwards,  Aeaociate  Member, 
is  engaged  in  developing  mines  in 
Southern  Rhodesia. 

Mr.  G.  M.  Stocsxey,  Member,  has 
returned  to  Tanganyika  after  fiir- 
louffh  in  Enidand. 

Mr.  R.  I^Ie.  Student,  is  ratumipg 
to  England  from  Northern  Rhodesia. 

Mr.  L.  Vauohan,  Member,  is 
returning  to  England  from  Malio[^ 
having  finished  his  tour  as  Tin 
Adviser  to  the  War  Claims  Com- 
mission. 

Mr.  P.  L.  Vauohan,  Student,  is 
leaving  England  for  the  Transvaal. 

Mr.  J.  Wkekuey,  Member,  has 
returned  to  Malaya  after  leave  in 
England. 

Mr.  D.  L.  White,  AeeodaU 
Member,  has  returned  to  England 
on  leave  from  India. 

Mr.  J.  C.  Wilson,  Student,  is 
leaving  to  take  up  employment  with 
Ncuiwa  Gold  Mines,  Ltd.,  Gold 
Coast. 

Addresses  Wanted 

D.  S.  Broadhurst.  G.  C.  Morgan. 
J.  A.  Cocking.  A.  I.  Scott. 

E.  Dickson.  A.  Sloss. 
R.  B.  Hicks. 


OBITUARY 

Lieut.-Com.  Robert  Claude  Gibbs,  R.X.,  diwi  on  10th  June.  1949,  at 
the  age  of  54.  He  received  an  engineering  training  at  the  Royal  Naval 
Colleges  of  Osborne  and  Dartmouth,  and  8er\'ed  at  sea  from  January,  1913, 
and  throughout  the  war  in  the  Royal  Navy  as  midshipman,  sub-lieutenant 
and  lieutenant.  In  1920  he  left  the  Navy  and  was  appointed  engineer  to 
Minerals  Separation,  Ltd.,  on  testing  and  research  work,  and  after  three 
years  went  to  Germany  as  engineer  and  later  chief  engineer  to  Central 
Europaische  Schwimm-Aufberoitmigs  A.G.,  Berlin,  a  company  formed  to 
introduce  the  Minerals  Separation  flotation  process  into  Central  Europe. 
He  was  there  for  nearly  seven  years,  and  returned  in  1929  as  engineer  to 
the  Dorr  Co.,  London.  During  the  1939-1945  war  he  rejoined  the  Royal 
Navy,  retiring  with  the  rank  of  lieutenant-commander  to  resume  his  work 
with  the  Dorr  Co.,  which  continued  until  his  death.  Lieut.-Com.  Gibbs 
was  elected  to  Associateship  of  the  Institution  in  1931. 
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Geoffrey  Musgrave,  O.B.K.,  died  in  Selukwo,  Southern  Khotlesia,  on 
I3t}i  July,  1949,  at  the  age  of  67.  He  was  bom  in  Bradford,  Yorkshire, 
and  was  trained  as  a  mechanical  engineer,  serving  his  apprenticeship  with 
Messrs.  Smith  Bros,  and  Eastwood  Valley  Iron  Worlra.  From  1902  to 
1906  he  obtained  practical  engineering  experience  in  England  and  Wales. 
In  1906  he  went  to  Norway  on  his  appointment  as  engineer  cuid  assistant 
and  acting  mine  manager  to  Traag  Mines,  Ltd.,  and  after  eighteen  months 
he  joined  Telemarken  Copper  Mining  and  Smelting  Co.,  Ltd.,  at  Aeundal. 
He  left  Norway  in  1908  to  take  up  the  position  of  assistant  mine  manager 
to  Altai  Gold  Concessiomf,  Ltd.,  in  Siberia,  returning  to  England  in  1909 
for  a  few  months*  work  in  London  and  Devonsljiire.  In  the  same  yecu:  he 
was  appointed  assistant  engineer  with  Linchwe  Concessions,  Ltd.,  Bechu- 
analand,  and  in  1910  took  over  the  mcmagement  of  the  mines  at  Selukwe, 
Southern  Rhodesia,  for  Rhodesia  Chrome  Mines,  Ltd.  In  1913  Mr. 
Musgrave  inspected  chrome  deposits  in  Baluchistan,  and  then  spent  three 
months  in  practice  at  Selukwe  as  mechanical  and  mining  engineer,  while 
being  retained  by  Rhodesia  Chrome  Mines,  Ltd.,  as  consulting  engineer. 

During  the  1914-1918  war  he  served  on  the  advisory  side  of  the  Ministry 
of  Munitions  in  India,  Burma,  China,  Japan,  the  U.S.A.,  and  Canada,  and 
returned  to  Selukwe  in  1917  to  continue  his  consulting  work  for  Rhodesia 
Chrome  Mines,  Ltd.,  and  Rhodesia  Metals  Syndicate,  Ltd.,  his  position 
with  the  former  company  being  retained  until  his  death. 

Mr.  Musgrave  was  the  first  chairman  appointed  to  the  Rhodesia  Iron 
and  Stoel  Commission,  in  which  capewiity  he  was  responsible  for  setting 
lip  the  steel  works  at  Que  Que,  and  he  was  also  chairman  of  the  Industrial 
Development  Commission.  He  was  a  delegat<^  to  the  Eastern  Group 
Conference  at  New  Delhi  in  1 940,  and  act^d  as  assistant  in  Australia  during 
the  negotiation  of  a  trade  agreement  with  the  Australian  Government. 
He  was  awarded  the  O.B.E.  in  1941.  Until  1947  he  w€«  chairman  of  the 
Rhodesian  National  Industrial  Council  of  the  Mining  Industry.  He  was 
elected  a  Member  of  the  Institution  in  1924,  and  was  Member  of  Council 
for  Rhodesia  from  1946. 


BOOK  REVIEWS 


G^ologie  des  gites  tnin^raux. 
2nd  e<l.  By  E.  RAaiiN.  641  p., 
145  figs.  Paper  covers.  Paris : 
Masson  et  Cie,  1949.     1,650  fr. 

This  edition  follows  the  same 
general  plan  as  its  preilecessor, 
published  in  1940,  whilst  wisely 
omitting  unimpressive  short  chapters 
on  geological  maps,  geophysic^s,  and 
ore  microscopy.  The  first  150  pages 
deal  with  a  slightly  amended  classi- 
fication of  mineral  deposit*,  the 
circulation  of  underground  waters, 
and  with  various  types  of  orebodies 
of  igneous,  hydro  thermal,  and  sedi- 
mentary origin.  The  remainder  of 
the  volume  discusses  the  metals  and 
other  economic  materials  seriatim, 
their  uses,  production  statistics  (up 
to  1945),  and  geological  occurrence. 
Little  new  is  added  to  the  descrip- 
tions of  individual  mining  fields, 
with  the  notable  exceptions  of  the 
Moroccan  lead  deposits  and  the 
Bolivian  tin  lodes,  and  the  accounts 


of  some  districts,  such  as  Rio  Tinto 
and  Sudbury,  are  still  out  of  date. 
This  volume  is  only  moderately 
successful  in  its  attempt  to  cover 
the  origin  and  nature  of  mineral 
deposits,  and  on  the  whole  it  com- 
pares unfavourably  with  analogous 
works  by  Lindgren  and  Bateman. 

David  Williams. 

Cobalt.  By  Roland  S.  Young. 
(A.C.S.  Monograph  No.  108.) 
New  York  :  Reinhold  Publishing 
Corporation,  1948.  181  p.,  illus. 
$5.00. 

The  work  under  review  is  one  of  a 
series  of  useful  scientific  and  tech- 
nological monographs  published 
under  the  auspices  of  the  American 
Chemical  Society.  Having  regard  to 
the  rapid  expansion  in  new  know- 
ledge  the  policy  followed  in  their 
production  has  been  to  ensure  com- 
plete and  critical  treatment  of  rela- 
tively    restricted     fields.  These 
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monograpliBy  tli€irefore,  wsfvo  two 
purposee;  to  make  avaOaUe  a 
thorou^  treatment  of  selected  areaa 
for  the  uee  of  those  working  m 
wider  fields  and  at  the  same  time 
to  stimulate  further  research  in  the 
npecific  field  selected.  To  achieve 
these  ends  the  authors  are  asked  to 

give    extended    references    to    the 
terature  of  their  own  particular 
subject. 

In  this  compilation  of  the  present 
position  with  regard  to  the  metal 
cobalt,  these*  objects  have  been  fully 
attained  to  the  date  of  publication 
(1948),  although  the  close  attention 
now  being  given  to  the  metallurgy 
and  uses  of  this  elemoit  is  con- 
stantly bringing  forward  new  in- 
formatiout  such,  for  instance,  as 
the  recent  (1940)  contribution  by 
P.  8.  Bryant  of  Murex  Ltd.  to  the 
Institution's  Sjmiposium  on  Refining. 
A  glance  through  the  200  or  so  refer- 
ences which  appear  at  the  ends  of 
the  13  chapters  reveals  the  care 
with  which  the  author  has  covered 
the  very  wide  field  in  which  cobalt 
and  its  compounds  are  now  of 
growing  importance.  Chapters  1-5 
deal  with  the  history,  occurrence, 
metallurgy,  and  chemical,  physical 
and  mechanical  properties  of  the 
metal,  while  those  which  follow 
record  in  some  detail  the  vcuious 
uses  to  which  it  is  being  put.  These 
latter  range  from  its  inclusion  as  an 
importeunt  constituent  in  both  ferrous 
and  non-ferrous  alloys — in  high- 
speed cutting  tools,  permanent  mag- 
nets and  in  cklloys  specially  resistant 
to  corrosion,  to  heat  and  to  abra- 
sion— to  the  important  part  it  plays 


as  a  oatalvflt  in  q^nthetie  rBactiom 
and  in  its  biologioal  and  hioehBtnietl 
fimotions  in  xenid  to  the  nutritive 
values  of  plant  lifo  by  itepieaenoe  in 
Boib  and  fi^rtiHien.  Theaa  latter 
aspeota  of  the  distribution  of  oobah 
have  received  paridocdar  attentioa 
from  scientific  agrioultimlista  in 
New  Zealand. 

It  is,  however,  to  the  vahiable 
Bunmiary  of  the  progiew  made  in 
recent  jrears  in  the  eztraotioa  and 
refining  of  the  metal,  given  in 
Chapter  3  under  *  MetaUuigy ',  to 
which  particular  attention  may  be 
directed  in  this  short  reviewTHers 
are  to  be  found  detailed  deacriptaons 
of  the  operations  in  the  Bdgiaa 
Congo,  in  Northern  Rhodesia,  and  in 
French  Morocco.  The  long-estab- 
lished plants  of  the  Deloro  Smelting 
and  Refining  Company  of  Ontario 
and  the  part  played  by  that  com- 
pany in  more  recent  yean  in  the 
tecoveiy  of  cobalt  firom  the  eopper- 
cobalt-iron  alloy  produced  in  Kortii- 
em  Rhodesia  receives  due  recog- 
nition. Exploratory  woric  in  other 
countries  is  also  described  and 
particulariy  certain  investigations 
made  by  the  United  States  Sweau 
of  Mines  on  the  hydrometallurgy  of 
cobalt.  Electrodepoeition  from  puri- 
fied solutions,  as  carried  out  succen- 
fully  at  Jadotville  by  the  Union 
Minidre,  is  described,  although  the 
recent  account  of  cobalt  refining  by 
the  Murex  Co.,  to  which  reference 
has  been  made  above,  shows  with 
what  success  the  carefully-purified 
oxides  can  be  reduced  either  to 
rondelles  or  to  metal  powder. 

S.  W.  Smith 
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Chart.  France  Note  tech.  49/10,  Paris,  April 
1949,  15  p.,  tabs. 

^22.235. 46 

Erfahrungen  mit  dem  Brennereinhnich  im 

Salzbergbau.     (Experiences  with  the  '  bum 
<nit '  in  salt  minim;.)    V.  Ebeling. — Oluckauf, 

Essen,  85,  July  2  1949,  494-5,  diagra.    4  DM. 

«S3.235.5 

Sprangverkan  ar  utanpa  liggando  ladd- 
ningar  pa  block  och  skut.  (The  explosive 
effect  of  external  oliarges  Iving  on  blocks  or 
boulders.)  tr.  Fagerberg  and  (^  H.  Johansson. 
—Jemkontor.  Ann.,  St«K'kholm,  188,  No.  (i, 
1949,  199-232,  illus..  diagrs.,  tabs.,  biblio. 
kr.  2  :  50.    (Brief  English  summary.) 

622.24    Ezplontiofi  and  weU  drUling 

U22.243.1(;2 

Factors  involve<l  in  removal  of  sulphate 
from  drilling  muds  by  barium  carl>onat<>. 
W.  E.  Bergman  and  others. — J.  Petrol.  Tech., 
N.V.,  1,  July  1949,  Sect.  Tran*.  Cr.P.  2639), 
197-204,  tabs.,  biblio.    75  cents. 


•22.212/^15 

688.373.91 

Sablerel  atopii^  in 
LilUe.— Iffo.   Jsngng.,   N.Y., 
Sect.   Trana.   (T.P.2610   A), 
75  centa. 


BdlBiBg  nMChodi  (atopliii) 


J.  J. 
1,  Joly  1949, 
835-8,  diagia. 


B    Support,  linings 

022.284 

The  North  of  England  Safety  in  Mines 
Research  Committee.  Seventh  progress 
report  of  an  investigation  into  the  cauaea  of 
falls  and  accidents  due  to  falls — The  improve- 
ment  of  working  conditions  by  the  controlled 
transference  of  roof  loads. — Trant.  Jtutn.  Min. 
Engrs.,  Lond.,  106,  Pt.  11,  August  1949, 
489-510,  illus.,  diagrs.,  biblio.    10s. 

022.284 

l-ntersuchungcn  und  Anregangen  lur 
EntwicUung  der  Strebstempel  und  Kappen. 
(Research  and  recommciiaationB  for  tlie 
development  of  the  face  support  and  c»p 
boanis.)  ihtrxi  Paul  Whikhaua. — Glnekauf, 
Essen,  85,  July  30  1949,  549-59,  Ulns.,  diagxa., 
biblio.      4  DM. 


628.88    Mining  carbonaceoiis  mlnenls 

C22..n30(i30) 

Graphite   in    Austria. — Miner.    Tr.   A'otes, 
Wttsh.,  D.C.,  27,  Oct.  1948,  45-8,  tabs. 

622.330(«7S.2/.9) 

Graphite  in  Tanganvika.— Jf  <ivr.  Tr,  XoUt, 
Wash.,  D.C.,  27,  Oct.  1948,  48-50,  tab. 


622.84    MetalUferoos  mining 

022.311.1(719.5) 

The  Labrador  iron  range.  W.  M.  Bonliam. 
— Camui.  Min.  7.,  G-ardenvale,  P.Q.,  70,  July 
1949,  57-«l,  illua.,  maps,  tab.    $1. 
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.6) 

>nklor  as  a  future  supply  of  iron 

TJiiitcd    States.     Norwood    B. 

ner.  Tr.  Notes  Spec.  Supp.  29, 

87,  Oct.  1048, 11  p.,  illus.,  maps, 

17.48-Red-Back) 
)n  of  Ked-Back  mafmcUte  mine, 
',  Orange  county,  X.T.     W.  T. 
tew. —  U.S.  Bur.  \\Iin.  Rep.  Inveat. 
D.C.,  May  1  WW,  4  p.,  map,  diagrs. 

3.  -Mount  Barker) 
ker  silver  lea<l  mine,  Eungella, 
ict.     S.  R.  Leonard  Shophcrd. 
tin.  y.,  Brisbane,  50,  AprU  1949, 
Cd. 

.2-Yello\^knlfe) 

ycon  mine,  YoUowknife,  N.W.T. 
i.  MttaU.  BuU.  44(*>  {Trans.,  52, 
I,  Montreal,  June  1949,  288-302, 
,  tab.,  tluwBbcct.     81. 

ilver  in  Peru.— J/imr.  Tr.  Notes^ 
27,  Oct.  1948,  1(>-13,  t^iba. 


ilver  in  Peru.— J/iw^.  Tr.  Notes, 
27,  Oct.  1948,  H)-13,  tabs. 

7-Atwoo«i) 

thods  ami  cnsts  at  the  Atwoo<l 
,  l/onlshurg  mining  district, 
ly,  N.  Mox.  Walter  R.  Stonns. 
l/in.  Inform.  Circ.  7."»m2,  Wash., 
49,  11  p.,  maps,  diaLnrs.,  tabs. 

?em.—Mirur.  Tr.  Notes,  Wash., 
.  1948,  7-9,  tabs. 

.4-1-NigKer  Jim) 

>n  of  the  Nigger  Jim  lead 
lyi^tto  rounty,  Wis.  G.  A.  Apell. 
-l//n.  liep.  Inrrst.  4372,  Wash., 
19,  9  ]!.,  map,  tabs. 


mi. — Sfin/r.   Tr.  Notes,   Wa*h., 
1948,  22-3,  tab*. 

-Almjulfii) 

•  »f  Aliruulen  (Spain) :  Pt.  2. 
nendfrz  v  i*n;;i^i.  -Min.  World, 
:>,  11,  July   1949,  38-11,  illus.. 


ng    or    quarrying    building 


arryliig  on  wi'j«t«'ni  T)iirtm«M)r ; 
ne  wf»rkiriL'a  jui'l  their  hL»t«.»rv 
lont.  R.  W.  Toll.  -Afxn.  Mod., 
ugust  19 19,  78-81,  illu-*.,  map. 


ng  non-metals 

ing  in  tin-  Soiith.  (I'.JS.A.)  Paid 
l/irt.  t'orif/r.  y.,  Wiusiu,  \).C., 
,  31-4,  illu-?.    30  coiits. 


n  mit  (ifin  Rn-nrn-niiilinirh  im 

(KxpfritMK-cs   with   ih-   '  hiiru 

ninin:;.)    V.  Klu-lini.'.  — '»7w'*JI//m/, 

:y  2  1919,  191-\  .lia-r.-.     1  l)M. 


(i22.3ri7.»(714.  -Johnson) 

Ast»e0t<j8  mining  in  Canada ;  some  details  of 
Johnson's  mine  (\Volf  county),  Qavbcc^r—Afin. 
J.,  Lond.,  283,  July  9  1949,  597-600,  iUus., 
dia^.    8d. 

022^    Mining  prcdous  stones 

C22.37:  649.311(675) 

liclgiaii  CV>ngo  Bakwanga  diamond  mines. 
(With  dotAiU  of  geology,  mining  and  treatment 
at  the  Socii^t^  Miiddre  du  Ji6cdka  area.)— 
Afiner.  Tr.  Notes,  Wash.,  D.C.,  27,  Oct.  1918, 
28-14,  tabs.,  biblio.,  fiowiihect. 

622.41/,46    Ventaation 

C22.41 

Notas  sobre  la  ventilacion  subterranca  ; 
Pt.  1.  Joan  R.  Hrouet.—Sfineria  Metal.,. 
Ma<lrid,  No.  98,  June  1949,  24-8,  dlagra.  12 
jiesctas. 

622.414 

Turbulent  air  flow  in  fan  drif ts.— r«f r. 
Durh.  King's  CoU.  Min.  Bull.,  Durh.,  8,  no.  3,. 
July  1949  (Ser.  Ventilation  no.  2),  8  p.,  illns., 
diagr. 

622.47    mumlnatkm 

022.47 

Illumination  surveying  and  analysis  of 
results. —  I'niv.  Durh,  King's  Coll.  Min.  BuU.y 
I>urh.,  8,  no.  3,  July  1949  (Ser.  Lighting  no, 
."),  10  p.,  illus.,  diagrs. 

022.47 

llrgi^io  ft  wlairage  des  mbies.  R.  Bidlot. 
Li<».'c.  1917.  4  p.  (Reprint  from  Congres  Assoc, 
Ing.  Liegt;  1917.) 

622.5  Drainage 

«22..X792.2l-(:hief) 

Historj'  of  pumping  at  the  Chief  Consoli- 
datotl  mine.  Eureka,  Juab  county,  Utah.  John 
G.  Ilall.-J/iw.  Engng.,  N.Y.,  1.  July  1949, 
St?*-t.  Trans.  (T.P.  2613A),  229-34,  diagrs. 
70  cents. 

622.6  Haulage,  hoisting,  transport 

«22.r,47.2 

Die  Prilfung  von  (rummifortlerbandcm. 
(Twt«  of  rubber  conveyor  belts.)  Bemd 
I'awmann.— ^//Mfilaw/,  Essen,  85,  July  30  1949, 

r».v.>-(;rs  tabs.  4  dm. 

022.JJ17.2 

Bolt  conveyor  performance ;  prospects  of 
futuro  di-vrlo'pment.  llan^M  vm  Tha-ien. — 
S.  Afr.  Min.  Engng. ./.,  J  burg,  60,  l*t.  1,  July 
1«;  1949,  ♦;01-.'i.    «d. 

622.07.078.53 

Nouartiire  Mnglichkeiten  <1»«r  Nachrichteri- 
liltorraittlung  im  Hcnrbau.  (.Vew  possibilities 
for  tho  tratHHiissioii  i>f  me.'Mai^^s  in  mining.) 
Rudolf  BiirL'holz.—  (Uuckimf,  i£sscn,  85,  July 
2  1949,  4H0-9O,  diagrs.    4  L).M. 

022.ot;;.o 

Invostiirutions  into  winding  n>pe  problems. 
H.  llit.'hoii.— .s"A^/y»>/</  Univ.  Min.  Mug.  1919, 
Shoflield,  1949,  29-12,  illus.,  diagw.,  tabs. 
2n.  tWi. 

022. »;9  :  »'.LT>.2ir) 

Km]il'>i  d**s  uUiairos  d'aluminium  sur  les 
wfigftns  pour  tniib<pc>rt  tie  fharl»on.  (l-se  of 
nluniiiiinm  uIIovm  on  ntilway  trucks  for  cual 
transport.)  Jean  llorenguel.— /;*rr.  Alumin., 
I'aris,  28,  June  1949,  195-2U1,  illus.,  diagf. 
'Jo>)  frain'*. 
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022.7    MINERAL  DRESSING 
022.7—...    Pre— ing  specif ic  mJiierals 

«L'2.7-.14l.l 

In  HI  ore  preparation  plant  at  the  Corhjf 
works  I'f  .Stow arts  and  LIuyds,  JjUI.  A.  W . 
J  ^>n«lhoat<>r  and  Olivnr  Thomafl. — ff.E.CJ.y 
\jrtm\.,  16.  July  l'.»40,  in-*.'9,  illiu).,  diagiv., 
taL«.,  tlow8he«*C. 

Inm  orn  benofi'.-iatlon.  Franoiii  X.  Tartaron. 
-  •,/.  ItctaU,  N.Y.,  1,  July  liUy.  S^K-t.  1, 10-15. 
75  cf^nte. 

rt-Ji>.7-.342.1(6«9.1) 

Troatnient  «»f  a  pj-rrhotito  ore.  (Extraction 
•  >f  fMld  at  the  Munarcli  niino,  S.  KhudoFia,  a 
t»raall  prrtperty  unablo  to  use  the  mothodn  and 
plant  «^f  a  lar},»er  mine.)  h.  L.  f'olin. — S.  Afr. 
Min.  Kngna.  7.,  J'buiv.  60.  Pt.  1,  July  UH 
104J»,  »i71-"4,  tahfe.,  llowshwt,  bi»»lio.     6d. 

rc'l'.7-344.5 

Boating  a  icail  oxido  mill  feed.  By  a 
simple  rrarranm'nient  of  the  flow  sheet.  Day 
Minoft,  [ncorporat4il,  cutH  tailim;  lowtos 
niatcrially. —  .Vim.  Worlds  .San  Franciaco,  11, 
July  1049,  U^-13,  ilius.,  tab.    35  trcnta. 

02-J.7-3ti"J.255.2 

Re-dresBing  of  Iow-ffra<lc  monazit*  con- 
centrate.—0/r  DreAsing  Inreat.  Vnir.  Melh. 
no.  35<),  Melb.,  Augtuit  25  l'J4S,  4  p.,  tal/H. 
(Typeacript.) 

<;22.7  :  539.1H7.3 

Ba4lioa(;tivo  tratvrB  in  mineral  cnjfineerinfir 
pn^bleniB  and  particularly  in  flotation.  A.  M. 
Gaudin  and  1*.  L.  do  Bnivn.— '.'rtwk/.  Min. 
.\fitaU.  Bull.  417  {TranA.,  62,  1949.  118-54), 
Montreal.  Julv  1949,  331-7,  ilhis.,  diajfr.,  tabs., 
biulio.     $1. 

C22.7.«M)r».25 

Kecent  a^lvaoiN'y  in  tUo  Ijjbomtory  stuily  of 
or«-.  1\  (i.  Smith  and  V.  A.  Vfinch.- f'aniul. 
Min.  Mctall.  Hull.  U7,  Monin.'al,  July  ly49, 
:m»1-3,  dinijry.,  bibli«».     SI. 

♦i22.7.n«  :  ."»:J2.1:J 

VHkositiifsnK'Ssuiii^ii  von  Er/triiln-n.  (VL^- 
<'(*h»ifv  nu-ii>un'nn'nts  of  ore  pulp:*.)  (iiinthi-r 
rii>;.'L'«'.-  Z.  Hnhfni.  Mftnllh.,  Sfutiirart,  2. 
June-  lS»4!i,  171-7,  diiiirrs.,  tub.    4  DM. 

tc'-J.7.0Ii 

Mill  ni»'astimn«'ut  and  •■ontri-I.  ('.  M.  Mar- 
•pianlr.  — .l/j/i.  f'omjr.  ./,,  Wiisli.,  !>.('.,  35, 
Jun«.'  li»45»,  ",o  -7  ;  •.»»;,  illus.    Ilo  crnti*. 


622.765  FloCatton 

623.705 

Flotation  of  p>kl-oopper  ore  from  Uie 
Laloki  mine.  .Safipbtro  Crook,  Papoa.— 
Ore  Itr^Ming  Invest.  Cnir,  JIHb.  no.  M9, 
Molb.,  Ov^.  21  1948,  15  p.,  tal».,  appcDdli. 
(Type*.Tipt.) 

G22.705 

Hijfh  flotation  recovery  at  Silver  Standard 
Mines,  limited.  New  Ilazelton,  Britidfa 
( \>himbia.  (Silver,  lead,  zinc.)  II.  M.  Wrisfat.. 
—Deco  TrrfoiL  Denver,  18,  May-June  194V, 
5-12,  illufl.,  talM.,  flowshoet. 

C22.7e5 :  022.7-362.355.1 

Flotation  of  zinnn. — ('hem.  Emgmg,  Min. 
Her.,  Melt).,  41,  May  1949,  283-^}.    Is. 

C22.7C5  :  022.701(469.3) 

Flutuacao  nm  mesa  uoa  Mijiag  da  Pa.'uuk 
qucira.  C^'<i^l<*  flotation  at  the  Pana^ueira 
mineft.)  Fernando  Meudcs. — Tecnira  Reritia 
Etuftmharia  Alunos,  lJsl>on,  1949,  15  p., 
diai^.,  tab.,  biblio.,  flowsheet*. 

022.705.051 

Pretn'atnient  of  mineral  surfaces  for  froth 
flot4ition.  S.  A.  FalMraer. — Min.  Engng.,  N-Y^ 
1.  July  1949,  .Sect.  Trans.  (T.r.  2593  B),  217- 
55,  t.il«.,  biblirt.    75  cent*. 

622.766  Hea<vy  media  aepamtioa 

022.700  :  553.02 

Mining  pro<.-e«»  appliwi  to  runway  ct>n- 
st  met  ion.  (Tae  of  heavy  media  separetioa 
to  pro\ide  8uital>le  agcrrofirates.)  C  V.  Trii** 
and  J.  1).  Shannon. — Engng.  J.,  MontreaU 
April  1949,  0  p.,  illns.,  diiigr.,  fli)Wdlic«t. 
(Keprint.) 

622.777    Electrostatic  aeparatkm 

022.777 

Eb^Mro.static  nepanitiitn.  Int»»rini  n^port 
no.  1  :  prelimiuiirv  studies.  — Or**  Dressimg 
Inrtst.  f'nh'.  Mrlb!  no.  372,  Melh.,  May  21 
1919,  20  !».,  Udm.y  diaLT.    (Typ«.-<»cripr.)* 

622.79    Roasting,  drying  and  briquetting 

022.792.3 

Sinit-rint;  <'lian»;.'toriiitii's  of  minus  sixly-llve 
ami  twi-iity  lui'sii  ma.'iu'tit^\  AUn  .'^taul«\v 
aiiii  Jo.-*iph  «!.  Meal.—.'.  MrtnU,  N.V.,  1, 
.Inly  l«.>J'.».>»vt.Tr.in«.CiM*.  2597  HO,  4S5-4t'. 
illus.,  \ix\)\.     75  Cfiits. 


622.78    Comminution 

i"._-J.7.'i-J  :  «>22.:ir» 

In-sk'niui:  luid  layinir  «»ut  :i  stori».'  cnihhim; 
plant.  S.  (J.  Ish«Two«.H|.  I't.  .'J  (roni'luilrtl). 
yji.  Entjm.y   WdliiiL'toii,  4.   May   llU".!,  :MV1. 

1h.  :;d. 


622.762    Jigs  and  jigging 

♦■.i"j,7r.'_'.'j 

hii-  A'l-A^iidimL'  di.T  <<t7,arlu'it  in  ib-r 
Kr/aiifb»'niUiiiL'.  {'Via'  appli«'alioii  of  jiLV'iii:: 
in  '>r"  dn"<sini.'. )  rranz  l.anL'tr.  /..  Er.h'nj. 
.\hl-illh.,  .^tmtL'art,  2.  .July  I'.M'.J,  2o.-)-1m, 
l.jl.lio.     4   I>M. 

»;■."_'. 7«;  I :  «;■.'■.'. 70 •irif;u.:5) 

I-'lutii  t'*Ho  <»in  mesa  nas  M)na<<  da  Pana^- 
•  pii  ira.  (Table  Hoiution  at  tlii>  l'an:isipi<*ini 
IIliIU■^..»  Kcniaii'lo  M<-;id«'<».  -  Trrnirn  lifri.thi 
I'.Vij'nhiiri'i  Ahinva.  Lisbon,  I'.Ml*,  !■'»  j<.,  diaj.'rs., 
tab.,  bihljo.,  llo>\-b».t't'*. 


622.8    HAZARDS,  ACCIDENTS 

622.81    Gas,  dust,  explosions 

»;!'•_•.'< n  :  i'.2i.:)i 

'Y\n'  '  carliiMi-oxyj;!'?!  oonii»lcv  '  as  a  [xH-iiblo 
iiiiti.itor  of  •'xpiosivi.'S  jiu-l  formation  of 
i-.irbori  uionoxidi-  in  compn^sspii-air  hy.^tem. 
II.  W.  Uns«-h  and  oth«>rs.  -'.-S.  H'lr.  Mil. 
U'p.  Iiirtst.  lb"..'*,  Wa-ih.,  !).«'.,  Jum-  I:»4.», 
•_'2  !>..  dia_'rs..  tab-i.,  l>iMii>. 

Cli'i.sl  :  02-'.'<t;7.:{l 

Nouvi-aux  «v4>»ais  dc  ina<(pi»"S  anti|w>ii<>ir>prri» 
aux  cliarbonna'j***  Andn^  I>umo!it.  a  \V.4i«'r- 
*rhf\.  Inst.  Uu'j.  Min.  (I*uhl.\  Ila'^^Mt,  «rtMi. 
11",  Oomni.  «5-J,  Juni-  27  1949,  10  p.,  raU.. 
diau'rs.     (T\pos»-rii»t.) 

022.817 

Soi:u'  asp<'<'trt  of  durft  fiuppn»8-tion,  J. 
llowanl  tfrillitb'*.  -Min.  KUrt.  Mtx'h.  Ehor.^ 
Maii.iir.,  30,  July  1919,  20-31,  tabs.,  bibiio. 
2s.  Od. 
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622.817.3 

Dosage  de  la  ailice  libre  daiu  tmh  4k*han> 
tillons  d''  ponwi^rM  de  srhbtificatiuu. 
(.VmiMint  of  free  silica  in  thr«o  samples  uf 
ditftrt  fn>in  stoue  dattirii;.) — I  Hat.  Hftg,  At  in. 
(I*uhl.\  Ilasaelt.  (leu.  114,  Oiiuin.  ()3,  June 
22  1W9.  2  p.    (Tyijeiwript.) 

622^    Flra 

622.H2 

(rrut»enbiunilcbekainpfunff  dan'h  Wettcr- 
bewtviins:.  (Fire  flt^htiutr  by  means  uf  air 
niuvemeiit.)  Jiasilus  Lwjiw.— i**7yft.  lidsch.^ 
Bo<>lium.  1,  April  lull),  19-23,  diagre. 

622.82  :  r,  14.815 

K(>am  extiiiRiiishorH  fur  iindeivroiutd  lires. 
(r.  Neath.— /"row.  Iiutn.  Min.  Engra.^  L<md., 
108,  It.  11,  August  l'J4ii,  .V>4M!.    hM. 

622^    Rock  prcasnre,  snbeldeiicc 

622.831.6 

UebirKwlruck  und  ( f  ebirRnbewoknini;.  (Roek 
prt-astire  and  ruof  movnm<Miti».)  Taul  Moiuw. — 
Ber^i.  Hdsch.,  Bocbum,  1,  April  l'J4'.»,  23-5, 
dia^nv. 

622,26    Acddents,  resciM  woric 

622.S«5l(  7lH.22-Unit<-d   V«Tile) 

Safety  pnurtiw-s  at  I'liittMl  Verde  mine, 
Phelps  Dodge  Corp.,  Jpnune,  Ariz.  AlU-n  D. 
JyKtk  and  Alan  A.  Shan>. —  I'.ff-  Bur.  Min. 
Inform,  i'irc.  TfiOl,  Waih.,  D.C.,  May  lt»iy, 
25  p.,  iUud.,  tab. 

622.S61.3 

The  North  of  Englan«l  S:if»'ty  in  Mine« 
l{e8<>an'h  Omimittee.  {Seventh  pn>*?n*i«  report 
of  an  investigation  into  the  ruiwes  of  lalU 
and  aei.'identa  due  to  falld. — The  inipn»vemeni 
of  working  eonditious  )>y  tlie  contnilletl 
tran.<<ference  of  roof  loail.— rran*.  InMn.  Min. 
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of  chalcopyrite  and  pyrite  than  those  which  have  been  treated  in 
the  past.  These  investigations  were  carried  through  from  small- 
scale  tests  to  continuous  pilot-plant  operation  and  the  final  data 
obtained  have  been  utilized  as  a  basis  for  the  design  of  a  full-scale 
plant  for  the  production  of  electrolytic  cobalt. 

Cobalt  occurs  as  a  minor  constituent  of  the  Ehokana  ores,  which 
are  mined  essentially  for  their  copper  content.  Although  the  cobalt 
content  of  the  ores  varies  widelv,  it  is  not  feasible  to  mine  the 
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this  reason,  concentrator  practice  must  be  adjusted  to  conform  with 
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concentrate. 

♦  Paper  received  on  20th  April,  1949. 

t  Consulting  Metallurgist,  Anglo  American  Corporation  of  South  Africa, 
Ltd. 

}  Research  Metallurgist,  Central  Resecirch  Laboratory,  Nkana,  Northern 
Rhodesia. 

1 


XIV 


INDEX  OF  BECENT  ARTICLES       September  X949 


660.296 

Zirconinm  metal,  as  of  1949.  B.  I.  JafTee. 
—J.  Mflals,  X.Y..  1,  July  1949,  Sect.  1.  6-9, 
illus.,  tabs.    75  cents. 

669.296  . 

Tho  production  of  ductile  zirconium.  G .  L. 
lliU»T.—Sympos.  Rrfin.  non-fnr.  Jlet.  (I.M.M.), 
I^nd.,  Pap.  no.  19,  July  1949.  VJ  p.,  diagns., 
biblio.    Is.  6d. 

G<J9.34 

£xperinieut«  on  the  removal  of  selenium  ainl 
tellurium  from  blister  and  rtre-rertnc<i  copper. 
W.  A.  Baker  and  A.  P.  C.  Hullow«.— /^u//. 
Inttn.  Min.  MHall.,  Loud.,  So.  &13,  August 
1949,  1-14,  tabs.,  bibllo.    (Paper  Is.  Bd.) 

669.343.1 

The  fire  refining  of  copper.  H.  J.  Miller.— 
Sjfmpos.  Rtfin.  non-fftr.  Jlet.  (I.M.M.),  l^nd., 
I'ap.  no.  6,  July  1949,  4U  p.,  iUus.,  tat>3., 
bibUo.    Is.  6d. 

669.S43.1 

Trenrls  in  methods  of  melting  and  casting 
for  high  conductivity  copper  wire  burs.  R.  U . 
Bauld. — Sjfmpos,  Refin.  non-ferr.  Met.  (T.M.M.), 
Lond.,  Pap.  no.  7,  July  1949,  18  p.,  illus., 
diagre.,  bibllo.    Is.  6d. 

669.34  7(689.4-NkanB) 

The  electrolytic  copper  refinieiy  of  the 
Rhodesia  Copper  Kcflneries,  Ltd.,  at  Nkana, 
Northern  Rhodesia.  W.  J.  Friggens,  Eric  W. 
Page  and  Thos.  Milligan. — Sfmpoi.  Refin. 
non-ferr.  Mel.  (LM.M.),  Lond.,  Pap.  no.  8, 
July  1949,  26  p.,  illus.,  diagn.,  Ubs.    Is.  6il. 

609.44(942-Port  Pirle) 

The  mthiiiiK  of  load  aud  as.sooiated  metals 
at.  Port  Pirii',  South  Austnilia.  Frank  A. 
(tfoen. — .Sjfmpfis.  Refin.  non-ferr.  Met. 
(LM.M.),  I^>iid.,  Pap.  no.  9,  July  ll»49.  30  p., 
illus.,  diugra.,  tii))8.,  fiuwdhoets.*    Is.  Gd. 

600.51 

Helluing  of  7,Iuc.  Stanley  Robgon. — 
Sympos.  Rtfin.  non-frrr.  M'i.  (I. M.M.J,  LoiuL, 
Pup.  no.  10,  July  l'.»40,  10  p.,  dlHi^.,  tJihs. 
Is.  Od. 

eO'J.TlKM) 

«rn>wth  of  the  aluminium  imlastry.  P.  M. 
M''iion  an<i  JJ.  Krishuamurthy.-  Tniwi.  Indinn 
Inst.   Met.,  Calcutta,    1,  April   IVUH,   75-5-*), 

tabs. 

6y'J.7l2(.">l) 

Pnxiuction  of  nlnniirilum  fniin  Indian 
bauxite.  Sumeni  Chandra  Juln  and  P.  T). 
I'unt. — Trtins.  Imiian  Inst.  Mft.,  C.iK'utta. 
1,  April  lUllt,  y7-I.*}3,  map,  diajrra.,  taliji,, 
flowsliwtd. 

60C».7U 

K«>tiiiin(;  of  alnniinium.  J.  WaiMinut'in. — 
S'/tn/fn.H.  Rtfin.  nnnfrrr.  Met.  (I.M.M.),  I.«»nii., 
I'.kp.  no.  13.  Jnlv  lUtU,  10  p.,  diagn*.,  biblio. 
Is.  CA. 

(;0;i.7]  l.U.ols 

Catalytic  ilistillatioii  of  ttUitninium.  P. 
(Jnwj;,  -.Sy«j/«i.».  li'fin.  non-frrr.  Mtt. 
(1. M.M.J  Liin-.l.,  l'.ii».  n<.».  11,  July  lur.i,  lo  p. 
'     Gd. 


669.714.004.9 

Refining  light  metal  scrap;  pre*troatment, 
processes,  furnaces.  Adolf  Beck. — Metal  trnd., 
Lond.,  75,  August  12  1949,  129-33,  diagn.. 
flowsheet.    9d. 

669.717 :  622.002.5 

Kraploi  dcs  alliage?  d'aluminium  sur  !•» 
wagons  pour  transport  de  chart>on.  (Use  of 
aluminium  alloys  on  railwav  trucks  f«jr  cvxl 
truisport.)  Jean  Herenguel. — R^r.  Alumin., 
]>aris,  as,  June  1949,  195-201,  illus.,  dia?r. 
250  fraiK*s. 

669.719 

The  aluminothermic  process  and  the 
preparation  of  commerciallv  pure  chromium, 
manganese,  and  special  alloys  such  as  fcrr^ 
columbium.  T.  Bun^hell. — Sjfmpos.  Rrfin. 
non-ftrr.  Met.  (I.M.M.),  Loml.,  Pap.  no.  15, 
July  1919,  20  p.,  iHus.    Is.  6d. 

669.721.4 

The  refining  of  magnesium.  E.  F.  Emley. — 
Sjfmpos.  Rrfin.  non-ferr.  Met.  (LM.M..),  l/oud.. 
Pap.  no.  12,  July  1949,  31  ]>.,  illos.,  diag»., 
tabs.,  biblio.    Is.  6d. 

669.743.42 

Scmi-pilot^plant  tests  on  treatment  of 
manganese-silver  ores  by  the  dlthionate 
process.  S.  F.  Ravitz  aud 'others. —  L'.S.  Bur. 
Min.  Tech.  Pap.  723,  Wash.,  D.C.,  1949,  45  p., 
illus.,  diagre.,  tabs.,  flowslieet.    2<J  cents. 

669.764 

The  refining  of  bismuth.  Alan  R.  PowelL — 
Sympos.  Refin,  non-ferr.  Met,  (I.M.M.),  Loud., 
Pap.  no.  3,  July  1949,  9  p.,  biblio.    Is.  6d. 

009.8 

Problems  in  the  ppvluotion  of  some  of  thi- 
rarer  meuiU.  Alun  R.  Powell. — Sjfmp<t.'>. 
Rffin.  nvn-ferr.  Met.  (LM.M.),  Lond.,  Pap. 
no.  4,  July  1949,  15  p.    Is.  Od. 


711    TOWN  AND  COUNTRY 
PLANNING 

711  :022 

Town  and  Country  Planning  Act ;  position 
of  *  Mincn^l  rndiTTaktrs  *  clean-d.  — (^i«irry 
Mt/rs'  J.,  J»nd..  83,  July  1949,  1-3.     Is.  6-1. 

711  :02i' 

Uritisti  niotal  niinini;  and  the  nationali7.a- 
ti«»n  <>£  royalties;  furthtT  not4^  on  the  Tuwu 
and  Couuir}-  I'lannin:?  Art  iu  n>*pect  of  home 
rt'souix***.  S.  Dawson  Ware.  — .Vi«.  J/a^., 
Lond.,  81.  Julv  I91l».  21-5.    la.  Od. 


93    HISTORY 

93  :  0»;i».l..:>('.»41j 

History  of  Sulphidf-Corjionition  LtiL  Itottys 
Kvans.  'ht/n.  KiHwj.  Min.  Rtr.,  Melti.,  41, 
May  1919.  291-  1,  bihlio.    Is. 

93  :  OO'.t.S 

Zinc  and  si)i'lt'.»r :  notes  on  th«»  early  hUt-irv 
of  xiiu-  fn»ui  iiabylon  to  the  ISth  \vntur. . 
J.  M.  i»awkiii*.— ^/»«*w.  /ii«/.,  I.mid.,  Ni>.  2;', 
July  10  1;«1*.»,  515^20,  biblio.    2*. 


Subject  to  revision,]    [A  Paper  to  be  mdbmiUed  for  discussion  cU  the 

October,    1949,    General    Meetin<j    of   the 
Instituiion  of  Mining  and  Metallurgy. 

Investigations  on  the  Production  of  Electrolsrtic 
Cobalt  from  a  Copper -Cobalt  Flotation  Concentrate* 

By  H.  L.  Talbot,!  Member,  and  H.  N.  Hepker^ 

SYNOPSIS 

This  paper  deecribee  laboratory  and  pilot  plant  investigations  on  the 
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by  leaching  with  hot  water,  aft«r  which  the  cobalt  is  recovered  from  the 
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for  the  recovery  of  cobalt  from  sulphide  concentrates  of  relatively  low 
cobalt  content  and  high  iron  to  cobalt  ratio. 

Introduction 

The  present  paper  describes  investigations  on  the  production  of 
electrolytic  cobalt  from  a  concentrate  obtained  by  selective 
flotation  of  the  ores  of  the  Ehokana  Corporation,  Ltd.,  at  Nkana, 
Northern  Bhodesia.  This  investigation  was  undertaken  with  the 
object  of  developing  an  improved  method  of  treatment  for  the 
recovery  of  cobalt  from  the  flotation  concentrate,  one  which  would 
be  more  suitable  for  the  future  ores  containing  a  higher  proportion 
of  chalcopyrite  and  pyrite  than  those  which  have  been  treated  in 
the  past.  These  investigations  were  carried  through  from  small- 
scale  tests  to  continuous  pilot-plant  operation  and  the  flnal  data 
obtained  have  been  utilized  as  a  basis  for  the  design  of  a  full-scale 
plant  for  the  production  of  electrolytic  cobalt. 

Cobalt  occurs  as  a  minor  constituent  of  the  Ehokana  ores,  which 
are  mined  essentially  for  their  copper  content.  Although  the  cobalt 
content  of  the  ores  varies  widelv,  it  is  not  feasible  to  mine  the 
higher-grade  cobalt  ores  selectively  for  separate  treatment.  For 
this  reason,  concentrator  practice  must  be  adjusted  to  conform  with 
the  variation  in  cobalt  head  grade  which  has  a  marked  e£fect  upon 
the  grade  and  percentage  recovery  of  cobalt  in  the  selective 
concentrate. 
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Debcription  of  Present  Practice 

The  principal  copper  minerals  in  the  ore  are  bomite  and 
chalcopyrite,  cobalt  occurring  mainly  as  the  sulphide  mineral 
carrollite  (CUC02S4)  and  an  oxide  cobalt  mineral,  of  similar  com- 
position to  asbolite,  which  is  not  recoverable  by  flotation.  Pyrite 
is  present  in  varying  proportions  and  since  this  mineral  has  flotation 
characteristics  very  similar  to  carrollite  these  two  minerals  cannot 
readily  be  separated  in  the  concentrating  process. 

In  the  selective  flotation  process  the  bulk  of  the  copper  is  removed 
as  a  *  copper '  concentrate,  after  which  a  *  cobalt '  concentrate  is 
recovered,  containing  the  recoverable  cobalt  for  subsequent  treat- 
ment in  the  cobalt  circuit  at  the  smelter.  The  percentage  recovery 
of  cobalt  in  the  cobalt  concentrate  shown  in  Table  I  was  81-70. 
This  Table  shows  the  assays  of  copper  and  cobalt  obtained  at  the 
concentrator  for  a  typical  period. 

Table  I 

Typical  Assays  of  Concentrator  Products 

Copper  Cobalt 

0/  O' 

/o  /O 

MUlFeed    322  0104 

Copper  Concentrate 47*60  0*56 

Cobalt  Concentrate  31*22  2*75 

MiUTaUing    038  004 

The  cobalt  concentrate  is  smelted  separately  in  a  reverberatory 
furnace,  the  cobalt  entering  the  matte  along  with  the  copper. 
During  the  converting  of  the  matte  the  cobalt  is  slagged  olBf  with 
the  iron  and  the  converter  slag  is  granulated,  mixed  with  coke,  and 
smelted  in  an  electric  arc  furnace,  where  the  cobalt  is  recovered  in 
the  form  of  an  alloy  assaying  about  37  per  cent  cobalt,  12  per  cent 
copper,  and  50  per  cent  iron.  This  alloy  is  granulated,  bagged  and 
shipped  overseas  for  refining.  The  overall  recovery  of  cobalt  from 
ore  to  alloy  is  about  14  per  cent. 

While  this  method  gives  a  comparatively  low  production  cost  for 
cobalt  as  a  by-product  from  copper  smelting  operations,  the  process 
losses  are  unavoidably  high  when  treating  concentrates  of  low 
cobalt  content  and  having  a  high  ratio  of  iron  to  cobalt.  During 
the  earlier  years  of  operation  the  copper  in  the  ore  occurred  mainly 
as  the  mineral  bornite  and  cobalt  grade  was  materially  higher,  the 
iron-cobalt  ratio  being  between  3  and  4  to  1.  Under  these  conditions 
smelting  losses  were  not  unduly  high  and  alloy  containing  from 
40  to  50  per  cent  cobalt  could  be  produced.  During  the  past 
several  years,  however,  the  cobalt  grade  has  declined  and  the 
increasing  proportion  of  chalcopyrite  and  pyrite  in  the  ore  has 
raised  the  iron  to  cobalt  ratio  to  over  5  to  1  in  the  cobalt  concen- 
trate. In  consequence  smelter  cobalt  recover}-  has  steadily  decreasi'd 
and  it  has  become  increasingly  diflicult  to  produce  alloy  of  a  grade 
acceptable  to  the  refiners. 
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Detailed  investigations  were  carried  out  at  the  smelter  to 
determine  whether  it  was  feasible  to  effect  any  material  improve- 
ment in  the  process.  These  studies  indicated  that  high  smelting 
losses  are  unavoidable  when  treating  a  concentrate  with  a  high 
iron  to  cobalt  ratio,  and,  since  a  further  increase  in  this  ratio  was 
to  be  expected  from  the  ores  to  be*  treated  in  the  future,  it  was 
considered  that  an  alternative  process  would  have  to  be  developed 
in  order  to  effect  any  improvemenrt  in  recovery  of  cobalt  from  the 
flotation  concentrate. 

Preliminary  Experimental  Investigations 

Investigations  on  the  concentration  of  Hhokana  ores  have  not 
indicated  any  satisfactory  method  of  separating  carrollite  from 
chalcopyrite  and  pyrite  by  either  flotation  or  gravity  methods. 
Thus,  any  alternative  process  should  be  independent  of  the  iron 
to  cobalt  ratio  in  the  cobalt  concentrate.  A  leaching  method 
appeared  to  offer  the  best  possibility  of  securing  the  required 
separation  between  cobalt,  iron,  and  copper. 

Two  parallel  investigations  were  undertaken  which  are  referred 
to  in  the  present  paper  as  the  *  matte-leach  *  and  *  roast-leach ' 
processes.  Small-scale  tests  had  indicated  that  cobalt  could  be 
leached  with  sulphuric  acid  solution  from  a  matte  produced  by 
smelting  the  cobalt  concentrate  under  highly  reducing  conditions. 
These  tests  were  confirmed  on  a  larger  scale  and  the  investigation 
was  subsequently  carried  through  to  the  production  of  electrolytic 
cobalt  metal.  An  alternative  method  investigated  was  the  roasting 
of  the  cobalt  concentrate  to  convert  the  cobalt  to  water-soluble 
sulphate,  followed  by  hot  water  leaching  of  the  calcine.  Although 
this  process  showed  considerable  promise,  no  definite  conclusions 
could  be  reached  until  these  results  were  confirmed  by  continuous 
tests  on  a  scale  large  enough  to  be  representative  of  plant  practice. 
Since  the  necessary  equipment  was  not  yet  available,  investigation 
of  the  matte-leach  process  was  carried  forward  and  completed  before 
the  larger-scale  tests  on  the  roast-leach  process  were  undertaken. 

A  detailed  description  follows  of  the  tw^o  processes.  It  is  con- 
sidered that  both  processes  might  have  economic  application, 
depending  upon  the  type  of  cobalt-bearing  material  to  be  treated 
and  local  plant  conditions,  and  it  is  hoped  that  the  technical  data 
presented  may  be  of  assistance  to  other  investigators  in  this  field. 

The  Matte-Leacu  Process 

The  major  steps  in  the  matte-leach  process  may  be  briefly 
summarized  as  follows. 

The  cobalt  concentrate,  mixed  with  suitable  proportions  of 
Umestone,  coal,  and  converter  slag,  is  smelted  in  a  reverberatory 
furnace  to  produce  a  matte  from  which  the  cobalt  can  be  extracted 
by  leaching  with  sulphuric  acid.  This  matte,  dry  ground  to  7ninu8 
65-mesh,  is  then  batch  leached  with  hot  sulphuric  acid  solution.    In 


4  H.  L.  TALBOT  AND  H.  N.  HEPKBR  :   PRODUCTION  OF 

the  leaching  operation  cobalt  and  iron  are  dissolved,  while  the  copper 
remains  as  sulphide  in  the  residue,  which  is  returned  to  the  smelter 
for  copper  recovery.  The  separation  of  cobalt  from  iron  in  the 
leaoh  solution  is  accomplished  by  the  addition  of  a  soluble  sulphide 
at  a  controlled  pH  whereby  ihe  cobalt  is  precipitated  as  hydro- 
sulphide  and  recovered  by  filtration.  The  filtered  cake  is  then 
subjected  to  an  oxidati(m  roast  to  convert  the  cobalt  to  sulphate 
which  can  be  extracted  from  the  calcine  by  leaching  with  hot 
water.  The  resulting  solution  is  freed  from  the  final  traces  of  iron 
by  oxidation  with  air  and  the  addition  of  limestone.  The  purified 
solution,  containing  from  20  to  25  g.  per  litre  of  cobalt,  is  then 
electrolysed.  The  stripped  cathode  metal  is  prepared  for  the 
market  by  melting  and  granulation. 

(A)  Laboratory  Scale  Furnace  TesU 

The  successful  application  of  this  process  is  primarily  dependent 
upon  a  high  recovery  of  cobalt  from  the  reverberatory  matte. 
When  the  cobalt  concentrate  is  smelted  under  normal  conditions, 
with  the  addition  of  limestone  flux  and  2-8  per  cent  by  weight  of 
coal,  the  extraction  of  cobalt  from  the  matte  by  sulphuric  acid 
leaching  was  too  low  to  be  economically  acceptable.  A  detailed 
investigation  was  undertaken  to  determine  the  variables  upon 
which  the  leaching  properties  of  the  matte  are  dependent.  It  was 
already  known  that  the  addition  of  cold  converter  slag  and  addi- 
tional coal  to  the  reverberatory  charge  had  a  marked  e£fect  on 
the  leaching  characteristics  of  the  resulting  mattes.  The  effect 
of  these  constituents  when  added  to  the  charge  in  varying  pro- 
portions was  then  studied  by  means  of  small-scale  laboratory 
tests  carried  out  in  an  electric  arc  furnace  using  a  graphite  crucible- 
and  a  standard  basic  charge  of  500  g.  of  cobalt  concentrate.  In  the 
course  of  these  tests  the  effect  of  the  following  variables  was 
investigated  : 

(1)  Increasing  coal  without  addition  of  converter  slag  : 

(2)  Increasing  converter  slag  without  addition  of  coal  : 

(3)  Inen^rtsing  coal  with  a  constant  percentage  of  converter  slag  ; 

(4)  Addition  of  pyrito  and  converter  slag  with  and  without  coal ; 

(5)  Finer  grinding  of  converter  slag  before  mixing  into  initial 
charge  ; 

(6)  Maintaining  the  charge  molten  for  varying  periods  after 
smelting. 

From  the  results  of  those  tests  the  following  conclusions  were 
drawn  : 

(a)  A  matte  of  acceptable  leaching  characteristics  was  not 
produced  with  up  to  6  per  cent  coal  in  the  charge  without  the 
addition  of  convertcT  slag,  or  by  adding  up  to  15  per  cent  of  con- 
verter slag  when  no  coal  was  used.  In  either  case  the  maximum 
leach  extraction  obtained  was  less  than  50  per  cent. 

(/>)  With  the  addition  of  5J  per  cent  coal  and  a  minimum  of 
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14  per  cent  converter  slag  a  leach  extraction  of  over  95  per  cent 
^as  obtained. 

(c)  The  matte  obtained  with  the  addition  of  up  to  10  per  cent 
pyrite  with  a  constant  percentage  of  converter  slag  (14  per  cent) 
did  not  give  a  satisfactory  leach  extraction  unless  a  minimum  of 
^  per  cent  coal  was  used. 

(d)  Finer  grinding  of  the  converter  slag  before  mixing  with  the 
charge  did  not  improve  cobalt  recovery  or  leach  extraction. 

{e)  Maintaining  the  charge  in  a  molten  state  for  longer  periods 
resulted  in  higher  cobalt  slag  losses  and  lower  cobalt  leach  extraction. 

The  results  of  the  laboratory  furnace  tests  were  used  as  a  basis  for 
further  experimental  work  which  was  carried  out  in  a  15  ft.  long 
bv  8  ft.  wide  reverberatorv  furnace,  which  was  erected  at  the 
smelter  for  this  purpose.  It  is  of  interest  to  note  that  the 
experimental  data  obtained  in  the  small-scale  laboratory  smelting 
tests  were  reproduced  very  closely  in  the  experimental  reverberatory 
furnace  both  with  respect  to  the  leaching  charactoriBtics  of  the 
mattes  and  the  distribution  of  metals  between  the  matte  and  slag. 

(B)  Experimental  Beverheratory  Furnace  Tests 
An  experimental  reverberatory  furnace  was  erected  in  the 
smelter  building,  so  that  charging  could  be  carried  out  by  one  of 
the  installed  cranes  and  pulverized  coal  drawn  from  one  of  the 
smelter  unit  pulverizers.  Side  and  end  walls  were  constructed  of 
magnesite  brick  12  in.  thick,  and  the  flat-suspended  roof  of  alumina- 
silica  brick  was  20  in.  thick,  with  four  charge  openings,  6  in.  by 
12  in.  on  either  side  at  the  firing  end.  The  internal  dimensions 
were  15  ft.  long,  8  ft.  wide,  and  4  ft.  high  above  the  slag  bottom, 
which  was  poured  in  place  to  a  depth  of  8  ft.  All  charges  were  pre- 
mixed  on  the  floor  and  delivered  by  overhead  crane  to  a  hopper 
above  the  furnace  by  means  of  charging  boats.  The  furnace  was  fired 
by  a  single  pulverized  coal  burner  delivering  into  a  combustion 
chamber  which  extended  4  ft.  outside  the  furnace  on  the  charging 
end.  The  operation  of  this  furnace  was  very  satisfactory  and  the 
unit  was  of  sufficient  size  to  give  results  which  were  comparable 
with  full-scale  practice. 

Several  campaigns  were  run  using  increasing  proportions  of  con- 
verter slag,  and  each  run  was  continued  for  a  period  of  sufficient 
duration  to  establish  a  condition  of  equilibrium,  which  varied  from 
6  to  8  days.  All  mattes  tapped  during  the  progress  of  the  campaign 
were  examined  for  leaching  characteristics,  and  selected  samples 
of  matte  were  set  aside  for  complete  microscopic  and  analytical 
examination.  The  following  is  a  summary  of  the  results  from  four 
selected  furnace  campaigns. 

(1)  No.  9  Campaign 

This  campaign  was  run  with  a  charge  corresponding  approximately 
to  normal  smelter  practice  on  the  cobalt  reverberatory  furnaces  to 
provide  a  standard  for  comparison. 
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FuaxAcm  Gsaboi 

Weight  %  of      Cu 

26.  Total      % 

Cobalt  ooncentrate      39,900     81-2  84*08 

Converter  slag  nil         —  — 

Limestone 7,140     14*5       — 

Coal 2,100       4-3       — 

Total  49,140  100-0 


Co 

% 
2-24 


Fe 

% 
1307 

0-45 
20 


8 

% 
22-35 


SiO. 

% 
14-74 

2-1 
30 


FuBNACx  Products 

Weigbt  Cu  Co  Fe  S  SiO. 

».  %  %  %  %  % 

ICatte 27,605       4817         318       17-61       26-18        — 

Slag     13,770         102         0-33         4-05        —  44-27 

PXBCEIVTAOE  RSCOVEBIBS 

Copper  Cobalt  Iron  Sulphur 

Matte 98-1  950  87-7  81-3 

Unaccounted  for  ...  +3-8  +5*1 

The  average  cobalt  leach  extraction  on  the  matte  tapped  during 
this  campaign  was  87  per  cent.  This  percentage  extraction 
corresponds  closely  to  that  obtained  on  average  cobalt  mattes 
from  the  smelter  reverberatory  furnaces. 

The  following  three  campaigns  were  run  with  increasing  percen- 
tages of  converter  slag  in  the  charge  while  the  percentage  of  coal 
was  maintained  at  approximately  j5*5  per  cent. 


(2)  No.  10  Campaign 

FUBNACB   ChABOB 

Weight   %  of       Cu 
lb.        Total        % 

Cobalt   concentrate.    43,074      68-4  24-75 

Converter  slag  6,853      10-7        5-60 

Limestone  10,000      15-6        — 

Coal 3,600        5-4        — 

Total  64,327    1000 


Co 


Fe 


S 


SiO, 


% 

o/ 
/o 

% 

% 

209 

13-44 

20-91 

21-31 

3-37 

4812 

— 

20-69 

0-45 

2-1 

— 

20 

-— 

3-0 

Furnace  Products 

Weight         Cu            Co            Fe  S            SiO, 

Ih                       O/                     O/                     O/  O/                      O/ 

**'-                  /o                 /o                 /O  /O                 /o 

Matte 27,981        38-87          3-81        2618  25-96         — 

Slag     26,964          1-43          0-37        10-28  —            41-17 

Percentage  Recoveries 

Copper             Cobalt               Iron  Sulphur 

Matte 96-6                    91-4                  72-5  79-0 

Uniiccounted  for  ...  +1-6  +8-3 

The  average  cobalt  leach  extraction  on  the  matte  tapped  during 
this  campaign  was  70  per  cent. 
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(3)  No.  11  Campaign 


FUBNAOE   ChABOE 


Weight 

%of 

Cu 

Co 

Fe 

S 

SiO. 

lb. 

Total 

% 

% 

% 

% 

% 

Cobalt   concentrate. 

29,296 

63-7 

27-21 

2-23 

13-27 

21-83 

18-62 

Converter  slag  

7,557 

16-4 

7-81 

2-58 

45-65 

— 

19-51 

Limestone 

6,690 

14*5 

-^ 

0-45 

21 

Coal 

2,500 

5-4 

20 

30 

Total  

46,043 

1000 

Furnace  Products 
Weight         Cu  Co  Fe  S  SiO, 

«>.  %  %  %  %  % 

Matte 29,949        38-32  3-62        27-23        2600         — 

Slag     17,007  0-91  0-33        11-24         —  42-01 

Percentage  Recoveries 

Copper  Cobalt  Iron  Sulphur 

Matte 98-2  93-4  76-8  89-2 

Unaccounted  for  ...  -f  0-4  -f  6-4 

The  average  cobalt  loach  extraction  on  the  matte  tapped  during 
this  campaign  was  90  per  cent. 


(4)  No.  12  Campaign 


FxTiNACE  Charge 

Weight  %  of  Cu 

lb.  Total  % 

Cobalt    concentrate.    57.654  60-9  29-99 

Converter  slag  18,829  19-9  7-90 

Limestone  13,000  13-7  — 

Coal 5,225  5-5  — 

Total  94,708  1000 


Co 


Fe 


S 


SiO, 


o/ 
/o 

o/ 
/o 

0/ 

/o 

/o 

2-82 

13-81 

23-24 

16-01 

2-47 

46-98 

— 

18-56 

0-45 

20 

2-0 

3-0 

Furnace  Products 

Weight         Cu            Co            Fe  S           SiO, 

m                o/               0/               o'  0/               o/ 

"•'•                   -o                 /o                 /O  /O                 /O 

Matte 47.964        3817          3-68        28-35  25-66           — 

Slag     34,229          1-37          0-40        12-17  —          38-43 

Percentage  Recoveries 

Copper              Cobalt               Iron  Sulphur 

Matte 97-5                    92-8                  76-6  91-9 

Unaccounted  for  ...  — 8-9  -f  4-8 

The  average  cobalt  leach  extraction  on  the  matte  tapped  during 
this  campaign  was  95  per  cent. 
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this  can  be  accomplished  by  increasing  the  amqiont  of  iron  in  the 
charge  and,  at  the  same  time,  smelting  under  more  strongly 
reducing  conditions.  Provided  that  sufficient  iron  is  present  in  the 
matte,  the  cobalt  will  preferentially  go  into  solid  solution  in  the 
iron  and  iron  sulphides  rather  than  in  the  copper  sulphide. 

During  the  course  of  this  investigation,  the  method  of  Smimov 
and  Mishin  for  the  determination  of  metallic  cobalt  was  applied  to 
the  cobalt  mattes.  The  results  of  these  determinations  showed 
close  agreement  with  the  volume  percentages  of  metallic  cobalt- 
iron  alloy  as  estimated  under  the  microscope,  and  these  results 
could  be  directly  correlated  with  the  leaching  characteristics  of  the 
mattes.  This  assay  method  was  therefore  adopted  for  control 
purposes  in  the  experimental  smelting  operation. 

(D)  Add  Leaching  of  Cobalt  Matte 

The  matte  was  crushed  to  minus  ^-in.  and  200-lb.  charges  were 
wet  ground  in  a  ball-mill  to  give  a  minus  65-mesh  product,  of  which 
about  70  per  cent  was  minus  325-mesh.  The  pulp  after  settlement 
and  decantation  contained  about  10  per  cent  moisture  and  was  used 
without  drying  for  the  leaching  tests.  Standard  leaches  were 
carried  out  using  60  lb.  of  ground  matte  in  25  imperial  gallons  of 
solution. 

The  initial  tests  were  carried  out  with  a  solution  containing  340  g. 
of  acid  per  litre  and  heated  to  80°  C.  The  matte  was  added  slowly 
to  the  agitated  solution  over  a  20-minuto  period,  but  no  reaction,  as 
indicated  by  evolution  of  hydrogen  sulphide,  was  observed  until 
agitation  and  heating  had  boon  continued  for  about  two  hours. 
At  this  point  the  matte  suddnnly  commenc^^d  to  dissolve  with 
explosive  violence  and  practically  the  whole  charge  was  blown  out 
of  the  agitator.  Other  tests  proceeded  with  less  violence,  but  the 
conuneuceHieiit  and  progress  of  the  reaction  wore  erratic  and 
unpredictable.  It  was  then  observed  that  if,  after  the  first  addition 
of  matte,  a  small  quantity  of  dry  pulverized  matte  was  added, 
steady  solution  of  the  charge  was  promoted  and  the  remainder  of 
the  matte  reacted  in  a  normal  manner.  Even  when  steadv  dis- 
solution  was  obtained  bv  this  means,  the  cobalt  leach  extraction 
averaged  only  about  80  per  cent  as  compared  with  over  95  per  cent 
obtained  in  previous  small-scale  tests  on  the  same  matte.  Obviously 
it  was  essential  to  determine  the  caust^  of  the  unsatisfactory 
behaviour  of  the  larger-seah^  leach  tests. 

Tests  were  then  carried  out  to  compare  the  cobalt  leach  extraction 
on  wet  and  dry  ground  samples  of  matte  after  varying  periods  of 
exposure  to  atmosphere.  The  poor  leach  extraction  on  wet  ground 
sami)le8  was  innnediately  apparent.  Dry  ground  matte  showed  no 
decrease  in  leach  extraction  after  20  days'  exposure  and  the  average 
extraction  was  96  to  97  per  cent.  The  wet  ground  material  showed 
an  initial  extraction  of  81  per  cent,  which  decreased  steadily  to 
about  66  per  cent  after  7  days'  exposure  and  then  remained  fairly 
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constant.  It  was  also  noted  that  even  after  more  prolonged 
exposure  of  wet  ground  matte  the  leach  extraction  did  not  drop 
below  about  60  per  cent. 

It  was  concluded  that  the  drop  in  cobalt  leach  extraction  was  due 
to  some  form  of  oxidation  which  is  promoted  and  accelerated  by 
the  presence  of  moisture.  It  is  believed,  from  information  gained 
in  the  subsequent  microscopic  investigation,  that  the  cobalt  which 
is  present  in  the  form  of  metallic  cobalt-iron  alloy  is  affected  by  this 
oxidation  and  rendered  insoluble  under  these  conditions  of  leaching. 
The  remainder  of  the  leachable  cobalt,  which  is  held  in  solid 
solution  in  the  iron  sulphides,  is  not  subject  to  this  oxidation.  The 
microscopic  examination  also  revealed  that  after  oxidation  the  iron 
sulphide  was  totally  surrounded  by  a  film  of  metallic  cobalt-iron 
alloy  of  varying  thickness.  The  delayed  reaction  encountered  when 
leaching  oxidized  matte  may  be  ascribed  to  the  slow  penetration  of 
the  oxidized  film  surrounding  the  iron  sulphide.  When  this  film  is 
penetrated,  which  we  consider  is  brought  about  by  the  reducing 
action  of  the  liberated  hydrogen  sulphide  on  the  oxide  film,  the 
reaction  proceeds  very  rapidly.  This  would  also  explain  why 
steady  dissolution  of  oxidized  matte  is  promoted  by  the  addition 
of  a  small  amount  of  unoxidized  dry  material. 

Leaching  tests,  carried  out  on  samples  of  dry  ground  matte, 
indicated  that  the  only  significant  variables  were  acid  concentra- 
tion, time,  and  temperature.  The  effects  of  these  variables  are 
illustrated  in  the  following  tabulations  : 

(a)  Acid  Concentration 

Temperature  80*  C,  Leaching  Time  2  hours 

Acid  concentration  g/litre  on...     290           240           195           160  110 

Acid  concentration  g/litre  off...     197           143             96             57  16 

%Ck)balt  leach  extraction 97             97             91             81  64 

(6)  Leaching  Time 

Temperature  80°  C,  Acid  concentration  290  g/1. 

Leaching  time  —  minutes    ...       30  60  90  120  180 

%  Cobalt  leach  extraction    ...       84  93  97  98  99 

(c)  Temperature 

Leaching  Time  2  hours.  Acid  concentration  290  g/1. 

Temperature  of  leach  "^C.      ...       50  70  80  90  98 

%  Cobalt  leach  extraction    ...       83  96  98  98  97 

The  high  acid  concentration  required  to  obtain  good  extraction 
of  cobalt  will  be  noted.  Preliminary  small-scale  tests  employing  a 
*  neutral '  leach — that  is,  using  only  a  slight  excess  of  acid  over 
the  theoretical  requirement — gave  a  maximum  leach  extraction  of 
only  about  65  per  cent.  Hydrogen  sulpliide  evolution  in  these 
leaches  appeared  to  be  normal,  and  it  was  therefore  concluded  that 
only  the  cobalt  contained  in  the  iron  sulphide  was  extracted,  and 
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that  the  metallic  cobalt-iron  alloy  was  not  attacked  by  acid  of  this 
concentration. 


(E)  Selective  Precipitaiion  of  Cobalt  from  Iron 

Leaching  tests  carried  out  on  dry  ground  matte  with  an  initial 
acid  concentration  of  240  g.  per  litre,  and  leached  for  2  hours  at 
80®  C,  gave  a  leach  extraction  of  97-4  per  cent  of  the  cobalt  and 
86-4  per  cent  of  the  iron.  The  leach  solution  after  filtering  was 
copper  free  and  contained  12  g.  of  cobalt,  50  g.  of  iron,  and  140  g. 
of  acid  per  litre.  It  was  intended  to  precipitate  cobalt  as  the 
sulphide  in  neutral  solution,  and  various  reagents  were  tried  out 
for  this  purpose.  The  high  acid  content  must  first  be  reduced,  for 
which  purpose  ground  liniostone  was  used,  and  the  resulting 
precipitate  of  calcium  sulphate  was  removed  by  filtration  to  avoid 
dilution  of  the  cobalt  precipitate  produced  in  the  subsequent 
process  step. 

It  was  found  that  a  satisfactory  selective  separation  between 
iron   and   cobalt   could  be  effected   bv   the  addition   of   sodium 

ft* 

sulphide,  calcium  sulphide,  or  by  passing  hydrogen  sulphide  gas 
through  the  solution,  and  calcium  sulphide  was  adopted  as  being 
the  most  economical.  The  calcium  sulphide  was  prepared  as  a 
slurry  by  absorbing  hydrogen  sulphide  gas  in  a  milk  of  hme 
suspension.  In  practice,  sufficient  hydrogen  sulphide  would  be 
generated  during  the  leaching  of  the  matte,  and  this  gas  would  be 
utilized  for  the  preparation  of  the  calcium  sulphide  slurry.  The 
precipitat*.*  assayed  9  per  ci*nt  cobalt  and  9  per  cent  iron  with  96 
per  cent  recovery  of  cobalt  and  77  per  cent  rejection  of  iron  in  the 
waste  solution. 

After  tiltering  and  washing,  the  precipitate  was  subjected  to  an 
oxidizing  roast  und(»r  controlled  temperature  conditions  to  convert 
the  cobalt  to  water  soluble  sulphate  and  the  iron  to  insoluble  oxide 
or  ferric  sulj^hate.  When  these  tests  were  conducted,  no  suitable 
equipment  was  available  for  carrying  out  a  detailed  investigation 
of  roasting  techni(iue.  Koasting  tests  were  conducted  on  a  small 
scale  at  a  temperature  of  800^  C.  A  hot  water  leach  of  the  resulting 
calcine  gave  90  per  cent  extraction  of  the  cobalt  and  3-5  per  cent 
of  the  iron,  and  yielded  a  solution  containing  25  g.  of  cobalt  and 
1  g.  of  iron  per  litre.  The  authors  have  no  doubt  that  with  suitably- 
designed  roasting  equipment  cobalt  extractit)n  could  be  increased 
to  over  9.5  per  ct'ut  without  additional  iron  extraction.  The  iron 
content  of  the  solution  must  be  reduced  to  about  0-02  g.  per  litre 
bef(»re  electrolysis,  and  this  was  efifectively  accomplished  by  oxida- 
tion with  air  and  addition  of  powdered  limestone,  preferably 
with  the  solution  heated  to  about  (50°  C.  After  filtering  to  remove 
the  sludge,  the  cobalt  was  recovered  from  the  purified  solution  by 
elect rolvsis.  The  recoverv  of  cobalt  bv  electrolvsis  is  outlined  in 
the  description  of  the  roast-leach  process  which  follows. 
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The  Boast-Leach  Process. 

During  the  course  of  the  investigational  work,  small-scale  tests 
had  been  carried  out  on  the  extraction  of  cobalt  from  roasted 
concentrate  by  leaching.  The  results  of  these  tests  showed  promise^ 
but  could  not  be  confirmed  without  a  furnace  capable  of  con- 
tinuous operation.  When  an  8-ft.  diameter,  single  hearth  Hunting- 
ton Heberlein  round  furnace  became  available,  the  investigation 
was  undertaken  on  the  extraction  of  cobalt  from  the  cobalt 
concentrate  by  roasting  and  leaching.  The  major  steps  in  this 
process  may  be  briefly  summarized  as  follows  : 

The  starting  product  is  the  same  as  for  the  matte-leach  process — 
namely,  the  cobalt  concentrate  obtained  from  the  selective  flotation 
of  the  ore.  The  cobalt  concentrate  is  subjected  to  a  sulphatizing 
roast  under  closely  controlled  conditions,  converting  the  cobalt 
to  water  soluble  sulphate  and  rendering  the  copper  and  iron 
relatively  insoluble. 

The  resulting  calcine  is  leached  with  hot  water,  the  solution 
recovered  by  filtration,  and  then  purified  to  remove  the  small 
amounts  of  iron  and  copper  dissolved  in  the  leaching  operation. 
The  cobalt  is  precipitated  from  the  purified  solution  as  hydroxide 
by  the  addition  of  milk  of  lime,  and,  after  filtering,  the  cobalt 
hydroxide  cake  is  redissolved  in  spent  solution  from  the  elec- 
trol^'sis.  By  this  means,  acid  build  up  and  cobalt  concentration 
in  the  circulating  electrolyte  are  controlled,  and  at  the  same  time 
this  step  assists  in  maintaining  the  solution  balance  and  preventing 
the  build  up  of  magnesium  in  the  electrolyte.  The  circulating 
solution  is  electrolysed  and  the  cathode  metal  melted  and  granu- 
lated for  the  market. 

(1)  Boastin{j  oj  Concentrate 

The  roasting  tests  were  carried  out  on  cobalt  concentrate  from 
current  production  having  the  following  analysis  : 

Chemical  Analysis  of  Cobalt  Coticentrate 

o/ 
/o 

Copper    32-49 

Cobalt     3-21 

Iron 12-71 

Sulphur  22-75 

Silica  irr92 

Alumina      4-00 

Calcium  Oxide  1-15 

Magnesia    1-62 

Arsenic,  antimony,  molybdenum  and  tungsten  were  present  only 
in  trace  quantities. 

The  sulphatizing  roast  takes  place  in  three  principal  stages  and 
will  be  carried  out  in  multiple  hearth  furnaces  with  concurrent 
flow — that  is,  with  the  concentrate;  and  gases  travelling  in  the 
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same  direction.     A  description  is  given  of  the  roasting  in  three 
separate  stages  but  in  practice  some  overlapping  takes  place. 

(a)  Destdphidizing 

During  the  first  stage  of  roasting,  the  copper,  iron  and  cobalt 
sulphides  are  converted  to  the  oxides  with  conversion  of  the  snlphor 
to  sulphur  dioxide.  It  is  essential  that  the  temperature  should 
be  kept  from  rising  above  550°  C,  since  the  Fe^Oj  when  formed  at 
higher  temperatures  loses  much  of  its  efficiency  as  a  catalytic  agent 
for  the  reaction  SOj  +  0  =  SO3  which  is  essential  for  the  following 
stage.  In  addition,  higher  temperatures  promote  the  formation 
of  cobalt  ferrites  which  are  not  converted  to  water  soluble  sulphate 
in  the  later  stages  and  are  therefore  lost. 

(h)  Stdphaiizing  of  the  Copper 

Under  the  catalytic  influence  of  FogOs,  SO2  is  oxidized  to  SOj 
which,  in  turn,  reacts  with  CuO  to  form  CUSO4.  At  the  same  time 
a  small  amount  of  C0SO4  is  formed  by  a  similar  reaction.  The 
optimum  temperature  range  for  those  reactions  is  between  580^ 
to  640T. 

(c)  Sulphatising  of  the  Cobalt 

The  reactions  taking  place  in  this  stage  result  in  the  decomposi- 
tion of  the  CUSO4  to  CuO,  which  is  not  water  soluble,  and  the  for- 
mation of  water  soluble  C0SO4.  The  optimum  temperature  range 
is  between  680°C.  and  710°C.  These  changes  may  be  expressed  by 
the  following  chemical  reactions  : 

CUSO4  +  C0O  =  G0SO4  +  CUO    (1) 

C0O  +  SO3        =  C0SO4 (2) 

With  the  8-ft.  diameter  single-hearth  furnace,  optimum  tempera- 
ture conditions  could  not  be  attained  simultaneously  on  the  single 
hearth  to  suit  all  three  stages  of  the  roast.  The  best  results  were 
obtained  when  the  maximum  bed  temperature  on  the  hearth  was 
between  620°C.  and  650*^0.  Under  these  conditions  the  percentage 
cobalt  extracted  from  the  calcine  by  subsequent  hot  water  leaching 
was  between  70  and  75  per  cent.  It  is  anticipated  that  the  extrac- 
tion will  be  above  85  per  cent  with  a  suitably  designed  multiple 
hearth  roaster. 

(2)  Leadiimj  and  Purificaiimi 

Although  continuous  leaching  was  tried,  it  was  found  that 
considerably  higher  extraction  was  obtained  by  batch  leaching  and 
this  method  was  adopted  for  the  large-scale  tests.  The  time 
necessary  to  effect  complete  solution  of  the  cobalt  sulphate  is 
extremely  short,  but  it  was  found  advantageous  to  extend  the 
leaching  period  to  about  45  minutes,  at  a  temperature  exceeding 
80°C.,  in  order  to  promote  reprecipitation  of  dissolved  copper. 
This  is  brought  about  by  the  action  of  the  basic  lime  and  magnesia 
constituents  of  the  calcine.  However,  if  the  leaching  time  is 
extended  for  too  long,  some  precipitation  of  cobalt  takes  place  and 
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this  limits  the  extent  to  which  copper  can  be  eliminated  by  this 
means.  The  leach  solution  after  filtering  averaged  20  to  25  g. 
cobalt,  7  to  10  g.  copper  and  0-8  to  0*4  g.  iron  per  htre.  The  filtered 
and  washed  residue  would  be  deUvered  to  the  smelter  for  recovery 
of  its  copper  content. 

The  copper  and  iron  still  remaining  in  solution  were  removed  by 
oxidation  with  air  and  the  addition  of  milk  of  lime  to  a  controlled 
pH  of  5-2-5'5.  By  this  means  the  copper  can  be  reduced  to  less  than 
0-2  g.  and  iron  to  less  than  0-02  g.  per  litre.  A  small  amount  of 
cobalt  is  precipitated  with  the  copper  and  iron,  and  the  sludge  from 
this  purification  step  is  sent  to  the  residue  retreatment  section 
where  this  cobalt  is  recovered.  The  clarified  cobalt  solution  is  then 
passed  over  granulated  cobalt  metal  to  reduce  the  copper  content 
to  less  than  0-001  g.  per  litre. 

While  this  purified  solution  is  now  suitable  for  electrolysis, 
additional  process  steps  are  required  to  maintain  the  electrolyte 
solution  balance  and  cobalt  concentration,  to  control  the  build 
up  of  acid,  and  to  eliminate  impurities  such  as  magnesium  from  the 
electrolyte. 

There  is  no  discard  of  solution  from  the  electrolyte  circuit 
and  hence  an  amount  of  water  must  be  continuously  removed 
equivalent  to  that  entering  the  circuit  with  the  purified  make  up 
solution. 

Initially  it  was  proposed  to  remove  the  excess  water  by  direct 
evaporation,  but  it  was  evident  that  the  capital  cost  of  the  necessary 
corrosion-proof  equipment  together  with  the  high  fuel  consumption, 
would  make  this  step  very  costly.  An  alternative  method  was 
therefore  adopted  in  which  the  cobalt  was  precipitated  as  hydroxide 
from  the  purified  leach  solution  by  the  addition  of  milk  of  lime, 
the  precipitate  recovered  by  filtration,  and  the  barren  solution 
discarded  to  waste  thereby  eliminating  soluble  impurities,  prin- 
cipally magnesium.  By  adding  the  cobalt  to  the  electrolyte 
circuit  in  the  form  of  hydroxide  filter  cake  the  evaporation 
problem  is  greatly  simplified. 

(3)  Electrolyte  Neutralizcdion 

The  excess  acid  generated  during  electrolysis  must  be  removed 
80  that  the  pH  of  the  cell  discharge  is  maintained  at  a  constant 
value.  This  is  accomplished  by  using  the  cobalt  hydroxide 
precipitate  to  neutralize  the  circulating  electrolyte.  At  the  same 
time,  the  cobalt  dissolved  in  the  neutralization  step  serves  to 
maintain  the  cobalt  concentration  of  the  electrolyte  at  a  constant 
value.  The  cobalt  hydroxide  precipitate  contains  a  high  proportion 
of  calcium  sulphate  and  lime  residue  which  is  not  dissolved  in  the 
neutralization  step  and  remains  as  a  sludge.  Owing  to  the  slowing 
down  of  the  dissolution  rate  as  the  electrolyte  approaches  neutrality, 
some  undissolved  cobalt  hydroxide  remains  in  the  sludge.  The 
sludge  is  removed  in  a  thickener  and  sent  to  the  residue  retreatment 
section  where  the  undissolved  cobalt  is  recovered. 
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(4)  Eesidue  Betreainient  Section 

The  feed  to  this  section  is  made  up  of  the  sludge  from  the  copper- 
iron  purification  and  neutralization  steps.  The  cobalt  and  a  large 
proportion  of  the  copper  are  redissolved  by  acidifying  to  a  final 
jjH  of  about  8-5.  The  copper  is  then  roprecipitated  by  neutralizing 
A^ith  milk  of  lime  to  a  j^H  of  5-6.  The  pulp  is  then  filtered  for 
recovery  of  the  cobalt  bearing  solution,  and  the  residue  sent  to  the 
smelter  for  recovery  of  its  copper  content. 

(5)  Cobalt  EUctroly&U 

The  tests  on  electrolysis  were  carried  out  in  a  rectangular  lead- 
lined  cell  20  in.  long,  12  in.  wide,  and  14  in.  deep,  containing 
4  anodes  and  8  cathodes.  Anode  to  anode  spacing  was  4^  in.  and 
the  clearance  between  the  electrodes  and  the  cell  lining  was  8  in. 
at  the  sides,  4^  in.  from  the  bottom,  and  8^  in.  at  either  end. 
The  cathodes  were  mild  steel  grooved  plates  6  in.  wide,  -f^  in.  thick, 
with  9  in.  submergence,  and  the  lead  anodes  were  6  in.  wide,  ^  in. 
thick  with  9  in.  submergence.  The  anodes  were  of  grid  construction 
to  maintain  the  anode  current  density  at  about  20  amp./sq.  ft.  in 
order  to  prevent  the  deposition  of  cobalt  oxides  at  the  anode. 

Various  conditions  of  current  density,  electrolyte  temperature^ 
cobalt-concentratipn  and  acidity  were  investigated.  The  data 
given  in  the  following  table  are  representative  of  the  results  obtained 
under  the  best  average  conditions  which  would  be  applicable  to 
plant  operation.  The  cobalt  concentration  of  the  electrolyte  feed 
to  the  cell  was  maintained  at  25  g.  per  litre. 

Data  on  Cobalt  Electrolysis 

Duration  of  run — hours  72 

Amp. -hours  used  2342-.> 

Average  amps  through  cell      32*6 

Average  voltage — cell  busbars   2-98 

Cathode  current  density  (amp. /sq.ft.)  14-5 

Average  temperature  of  cell  discharge,  """C 58*4 

Circulation  rate — gallons  per  lb.  Cobalt  <iepo8it<»d 100 

Average  pH.  of  cell  feed  o-95 

Average  /)H  of  cell  dis<?harge 1  "77 

Cobalt  metal  deposits! — lb 4*65 

Cathode  current  efluriency,  %    81-8 

Total  kWh.  consuine<l     7-00 

kWh.  per  lb.  Cobalt  deposited       l-ol 

A  considHnibly  higher  current  eflicioncy  was  obtained  by 
increasing  tluj  circulation  rate  to  reduce  the  acid  concentration. 
For  instance,  with  a  tlow  rate  equivalent  to  190  gallons  per  pound 
of  cobalt  deposited,  the  pH  of  the  cell  discharges  increased  to  2-7 
and  a  curn>nt  efHciency  of  87  jier  cent  was  obtained.  However,  it 
was  consider(»d  that  th(?  gain  in  curn^nt  efticiency  at  this  high  rate 
of  circulation  would  be  more  than  offset  in  plant  practice  by  the 
increased  size  of  auxiliary  equipment  required  to  handle  the 
circnlatinjjj  elect rolvte. 
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A  governing  factor  in  determining  the  effects  of  the  foregoing 
variables  was  the  physical  character  of  the  cathode  deposit,  which 
should  be  firm,  adherent,  and  readily  stripped  from  the  blank. 
The  cathode  deposit  exhibits  a  strong  tendency  to  crack  and  peel 
away  from  the  blank  in  the  initial  stages  of  deposition.  Pickling  of 
the  cathode  blanks  and  surface  roughening  with  a  steel  brush  did  not 
prevent  peeling  of  the  deposit.  It  was  found  that  light  machine 
groovmg  of  the  mild  steel  plates  resulted  in  a  firm  adherent  deposit, 
which  could  be  built  up  to  about  ^  in.  thickness  and  readily  stripped. 
It  was  noted,  however,  that  when  the  current  density  was  increased 
up  to  20  amp.  per  square  foot  some  cracking  and  peeling  occurred 
even  when  grooved  plates  were  used.  At  a  current  density  of  15 
amp.  per  square  foot,  12  day  cathodes  were  built  up  without 
difl&culty  and  no  stripping  trouble  was  encountered.  The  cell 
temperature  was  maintained  at  about  60^C.  since  the  deposit  at 
lower  temperatures  was  less  dense  and  adherent.  The  cathode 
metal  was  of  excellent  purity  and  had  the  following  average  analysis. 

Arudysis  of  Electrolytic  Cobalt  Metal 

% 

Cobalt     99-89 

Copper    0041 

Iron     0032 

Sulphur  0019 

Calcium 0006 

Nickel     not  detected 

Zinc     „             „     . 

Manganese     „             „ 

Magnesium     „             „ 

Silicon     „             „ 

The  experimental  work  was  not  carried  beyond  the  production 
of  cathode  metal  which  in  practice  would  require  further  processing 
to  convert  it  to  a  form  suitable  for  market.  This  is  done  by  melting 
in  an  electric  furnace,  granulating  in  water,  sizing  and  burnishing 
the  granules.  Two  grades  are  usually  marketed,  namely,  about 
jilus  J-in.  minus  J-in.,  and  'plus  J-in.  minus  |-in. 

Summary  and  Conclusions 

(1)  Although  cobalt  is  present  only  as  a  minor  constituent  of 
the  Ehokana  ores,  the  total  cobalt  content  is  appreciable  since  the 
tonnage  of  ore  treated  is  between  8,000,000  and  3,600,000  tons  per 
year. 

(2)  The  leaching  processes  investigated  would  increase  the 
production  of  cobalt  metal  by  approxhnately  60  per  cent  as 
compared  with  the  present  alloy  process.  The  indicated  recovery 
of  refined  cobalt  metal  was  slightly  higher  for  the  roast-leach  than 
for  the  matte-leach  process. 

(3)  A  major  advantage  of  both  the  new  processes  lies  in  their 
ability  to  treat  ores  of  low  cobalt  grade  and  varying  composition 
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Fio,  1, — ^Flow-sheet  for  cobalt  roa^t-leach  process. 
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bo  better  advantage  than  the  present  process.  Their  successful 
ippUcation  would  not  be  materially  affected  by  the  increasing  ratio 
)f  iron  to  cobalt  in  the  concentrate. 

(4)  A  proposed  flow-sheet  for  the  roast-leach  process  is  shown 
n  Fig.  1. 
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The  Use  of  the  Wet  Kata  Thermometer  on  the 

Witwatersrand* 

By  P.  H.  KiTTof 

SUMMARY 

(1)  A  description  is  given  of  the  standard  procedure  for  using  the  wet 
kata  thermometer  adopted  by  the  Transvaal  Cheunber  of  Mines,  and 
possible  sources  of  error  in  its  use. 

(2)  Formulae  are  derived  correlating  wet  kata  reading,  air  velocity  and 
unventilated  wet-bulb  temperature  which  give  better  practical  results  under 
local  conditions  than  existing  formulae. 

(3)  The  effects  on  the  wet  kata  of  high  dry-bulb  temperatures  and  of 
radiation  from  a  surface  at  125-130°  F.  were  investigated.  At  constant 
wet-bulb  temperature  the  former  has  little  efifect,  while  the  latter  only 
becomes  important  when  the  kata  reading  is  very  low. 

(4)  Experiments  to  find  the  differences  in  heat  loss  per  unit  area  between 
large  and  small  wet  bodies  are  described,  together  with  results  obtained  by 
other  workers.  They  indicate  that  the  relative  heat  losses  per  unit  area 
of  a  wet  kata  and  a  man  do  not  differ  much  at  different  air  velocities. 


Introduction 

The  wet  kata  thermometer  has  been  used  as  a  routine  instrument 
for  many  years  in  the  mines  of  the  Witwatersrand  and  has  proved 
of  considerable  value  as  an  arbitrary  measure  of  underground 
working  conditions.  From  previous  experience  it  is  possible  to 
form  a  very  good  idea  of  what  the  atmospheric  conditions  in  a 
particular  place  are  like  from  a  wet  kata  reading  and  whether 
conditions  are  such  as  to  necessitate  prior  acclimatization  of  the 
workers.  It  has  been  found,  however,  that  readings  with  different 
instruments  and  by  different  observers  under  apparently  similar 
conditions  often  showed  large  discrepancies,  while  attempts  to 
correlate  air  velocity,  air  temperatures,  and  kata  readings  by  means 
of  the  usually  accepted  formulae  were  not  very  successful. 

The  experiments  described  in  the  present  paper  were  undertaken 
in  an  endeavour  to  improve  the  accuracy  of  the  readings  obtained 
by  the  instrument  and  to  gain  more  knowledge  of  the  actual 
significance  of  these  readings  in  relation  to  the  cooling  power  of 
the  air  on  a  man. 

♦  Paper  received  on  17th  December,  1948. 

t  Member  of  staff  of  Dust  and  Ventilation  Department  of  the  Transvaal 
Chamber  of  Mines. 
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(1)  Agguraoy  and  Caubbatiom  or  thb  Inbthumbiit 

It  has  been  known  for  some  time  that  to  obtain  good  randfai 
with  the  instrument  great  care  most  be  taken  to  standardiae  the 
procedure  adopted  when  taking  a  reading^  For  example,  Bii]8fc<^> 
described  a  number  of  ways  in  which  errors  might  arise— such  as 
the  thickness  of  the  sleeve  used,  how  much  the  bulb  was  heated 
before  taking  a  reading,  the  method  of  removing  excess  water  from 
the  bulb,  and  other  minor  points — and  even  then  he  found  that 
two  instruments  in  the  same  air  stream  did  not  always  give  the 
same  result — in  other  words,  the  factor  marked  on  the  instroment 
was  not  always  correct. 

To  obtain  more  comparable  results  between  different  observen 
the  Chamber  of  Mines  has  adopted  a  standardized  procedure  for 
the  use  of  the  wet  kata  in  Band  mines  and  the  sleeve  used  ii 
always  made  of  the  same  material  (a  fine  net)  supplied  by  the 
Chamber.  Furthermore,  all  the  instruments  are  sent  to  the 
Chamber  for  calibration,  which  is  done  in  the  following  manner. 

A  mark  is  made  on  the  small  bulb  above  the  stem  to  correspond 
to  a  temperature  of  117«5°  F.  (47-5**  C),  and  the  instrument  is 
always  heated  just  sufficiently  to  raise  the  liquid  to  this  mark  before 
taking  a  reading.  To  check  the  factor  the  '  katas  '  are  then  tested 
against  an  arbitrarily-chosen  standard  instnmient  in  a  duct  where 
the  air  velocity  is  100  f.p.m.  and  the  temperature  and  humidity 
are  similar  to  those  likely  to  be  found  underground  (wet-bulb 
temperature  about  85^  F.  and  relative  humidity  about  95  per  cent). 
This  has  been  found  necessary  owing  to  the  fact  that  katas  vary 
somewhat  in  size  and  shape,  particularly  in  different  makes,  and 
the  factors,  which  are  obtained  by  calibration  of  the  dry  instrument 
in  still  air,  do  not  always  compare  well,  one  with  another,  when 
they  are  used  wet  in  moving  air.  The  velocity  of  100  f.p.m.  has 
been  adopted  arbitrarily  as  one  similar  to  the  velocities  in  which 
the  instrument  is  likely  to  be  used. 

Compared  under  these  conditions  the  factors  of  a  large  number 
of  instruments  are  found  to  be  correct,  but  variations  of  up  to 
±10  per  cent  are  often  found.  If  carefully  used,  successive  readings 
with  the  wet  kata  should  not  vary  by  more  than  about  ±  1  per  cent 
and  any  greater  variation  than  this  may  be  taken  as  an  indication 
that  the  actual  conditions  affecting  the  cooling  of  the  instrument 
have  changed. 

There  is  one  other  source  of  error  which  only  becomes  important 
when  the  wet-bulb  temperature  is  more  than  about  90®  F.,  and  it 
is  due  to  the  fall  in  rate  of  cooling  of  the  kata  from  100°  to  95**  F. 
it  should  be  remembered  that,  theoretically  at  any  rate,  the  kata  is 
supposed  to  represent  a  body  constantly  supplied  with  heat 
internally  to  keep  it  at  a  mean  temperature  of  97*5°  F.  while 
cooling  from  the  surface.  The  time  taken  for  the  kata  to  cool 
from  100°  to  95°  F.  is  a  fairly  good  measure  of  the  rate  heat  would 

(^)  See  references  at  the  end  of  the  paper. 
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be  lost  from  such  a  body  until  the  wet-bulb  temperature  of  the 
surrounding  air  begins  to  approach  95°  F.  The  temperature  of  the 
surface  of  the  wet  kata  cannot  fall  below  that  of  the  ordinary 
wet  bulb  in  the  same  air  stream,  so  that  if  this  is  near  95°  F.  the 
rate  of  cooling  over  the  last  portion  of  the  5°  is  much  too  slow,  and 
the  average  time  taken  to  cool  over  1°  between  100°  and  95**  F. 
would  be  longer  than  (say)  the  time  to  cool  from  98°  to  97°  F., 
although  in  both  cases  the  cooling  takes  place  over  the  same  mean 
temperature — viz.,  97-5°  F.  The  shorter  time  of  cooling  per  degree 
measured  from  98°-97°  is  a  better  comparison  with  a  body  at  a 
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Fig.  1. — Errors  in  cooling  power  obtained  by  normal  kata  when  compared 
with  readings  taken  over  a  1^  drop  (98''  F.->97"  F.). 


constant  temporatun'  of  97-5^  F.,  and  is  ther(»fore  the  more  correct 
reading.  Fip,  1  shows  from  actual  experiments  the  errors  which 
might  arise  in  this  way  by  the  conventional  use  of  the  instrument, 
when  compared  with  figures  obtained  bv  timing  the  cooling  from 
98°  to  97''  onlv. 

For  this  reason  it  is  desirable  to  have  marks  on  the  stem  of  the 
kata  at  98°  F.  and  97 "^  F.  and  to  use  these  when  the  wet-bulb 
temperature  is  high  or  evt>n  as  a  matter  of  routine  in  all  cases. 
Although  readings  will  not  be  quite  so  accurate  when  timed  over 
1°  if  the  rate  of  cooling  is  fast,  the  errors  in  such  cases  are  not 
likely  to  be  important  as  the  atmospheric  conditions  will  be  good. 


S4         p.  H*  KZITO  :  THE  USB  OF  THE  WET  RATA 

The  ordinary  formula  for  obtaining  the  cooling  power  of  the  air— 
F 

where 
H'  =  cooling  power  of  the  air  on  the  wet  kata  in  millicalories 

per  sq.  cm.  per  sec. 
F  =  factor  of  the  instrument 
T  =  time  in  seconds  to  cool  from  100**  to  95°  F. 
will  then  become — 
F 

T'x5 
where  T  =  time  in  seconds  to  cool  from  98**?.  to  97°  F. 

The  wet-bulb  temperature  is  not  likely  to  approach  near  enough 
to  97°  F.  in  Rand  mines  to  affect  to  any  great  extent  readii^ 
taken  in  this  way. 

(2)  The    Correlation    of    Wet    Kata    Headings    with    the 
Factors  Affecting  its  Rate  of  Cooling 

^^^len  Professor  Leonard  Hill  first  introduced  the  kata  thermo- 
meter he  devised  formalae  fo»  its  use,  both  wet  and  dry,  in  which 
he  gave  the  relationship  between  the  cooling  power  of  the  air 
(on  the  kata),  the  air  velocity  and  the  air  temperature  (wet-bulb 
and  dry-bulb).  Since  that  time  many  other  workers  have  produced 
formulae  of  a  similar  nature  which  they  claimed  gave  better 
agreomi'iit  with  observed  facts. 

The  chief  causes  of  discrepancies  between  these  different  formulae 
are  probably  : 

(a)  Differences  in  technique  in  using  the  instrument,  including 
thickness  of  the  sleeve  used  ; 

(b)  differences  in  the  measurement  of  the  other  factors  involved, 
such  as  air  velocity,  temperature,  etc.  : 

(c)  failure  to  take  into  account  factors  which  might  affect  the 
result  in  certain  instances,  such  as  air  pn»ssure  and  radiation  ; 

(d)  the  calculation  of  formulae  from  results  obtained  over 
widely  different  ranges  ; 

(e)  differences  betw(-en  the  instruments  th(»mselves,  particularly 
as  regards  shape  and  size. 

These   various   causes   will   be   discussed   in   more   detail    as   the 
different  points  arise. 

Although  a  great  deal  of  work  has  gone  into  the  devising  of  these 
formulae,  the  results  have  had  mon^  academic  interest  than  practical 
application  in  underground  mining  work  on  the  Witwatersrand. 
because  none  of  the  existing  relationships  seemed  to  agree  very  well 
with  measurenu^nts  taken  underground  in  these  mines,  and  it  seemed 
desirahle  therefore  to  try  to  find  a  more  satisfactory  relationship  for 
use  under  the  conditions  in  which  the  kata  is  used  on  the  Eand. 
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ExperimefUal  Procedure 

As  mentioned  earlier  in  this  paper  the  first  essential  was  to 
standardize  the  procedure  of  using  the  instrument  and  so  eliminate 
the  possibility  of  errors  from  this  source,  after  which  it  was  necessary 
to  check  the  other  instruments  to  be  used  in  the  experiments.  For 
the  measurement  of  medium  and  high  air  velocities  ordinary  vane 
anemometers  were  used,  checked  one  against  the  other,  together 
with  the  *  Velometer '  and  Pitot  tube  to  test  the  constancy  of  the 
air  speed  across  the  area  of  the  anemometers.  This  was  necessary 
because  of  the  much  smaller  cross-section  of  the  kata  thermometer 
as  compared  with  the  anemometers. 

For  the  measurement  of  low  air  speeds  the  Bees  torsion  anemo- 
meter, a  low-speed  vane  anemometer,  the  velometer,  and  smoke 
were  used  and  checked  against  each  other.  The  whirling  arm 
method  was  not  practicable,  because  all  measurements  involving  air 
flow  were  carried  out  in  a  duct  in  which  it  was  possible  to  control  air 
flow  and  wet-  and  dry-bulb  temperatures  using  recirculated  air 
(Fig.  2).  For  air  speeds  below  50  f.p.m.  the  most  reliable  method 
was  found  to  be  the  timing  of  a  puiT  of  smoke  over  a  distance  of  a 
few  feet,  care  being  taken  that  the  smoke  passed  the  actual  position 
in  which  the  kata  bulb  was  to  be  suspended.  Observation  of  the 
smoke  showed  also  that  there  was  very  little  turbulence  in  the  air 
flow  in  the  duct,  and  this  is  an  important  factor  in  experiments  of 
this  kind  where  the  kata  would  be  affected  by  turbulence  and  the 
other  methods  give  linear  velocity  only. 

Temperatures  were  measured  with  small-bulb  mercury  thermo- 
meters similar  to  those  used  in  whirling  hygrometers,  all  calibrated 
against  a  standard  thermometer  to  i  0*1®  F.  A  cotton  sleeve  was 
placed  over  the  thermometers  for  wet-bulb  measurements,  but  the 
standardization  of  this  sleeve  is  not  of  such  great  importance  ^as 
in  the  case  of  the  kata  thermometer,  for  whereas  the  type  of 
sleeve  affects  the  rate  of  cooling  considerably  it  has  very  much  less 
effect  on  the  actual  wet-bulb  temperature  reached.  Unventilated 
wet-bulb  temperatures  were  taken  with  the  thermometer  hanging 
freely,  but  for  the  measurement  of  the  true  wet-bulb  temperature 
the  thermometer  was  inserted  across  a  tube  through  which  the  air 
was  sucked  at  not  less  than  600  f.p.m.  by  means  of  a  suction  pump. 
When,  as  in  this  case,  the  end  of  the  sleeve  dips  into  a  small  reservoir 
of  water  to  keep  it  damp,  this  reservoir  must  be  allowed  to  reach 
equilibrium  near  the  wet-bulb  temperature  before  taking  a  reading, 
otherwise  the  temperature  measured  may  be  affected  by  diffusion 
from  the  reservoir. 

*  Still  air  '  measurements  were  carried  out  in  a  large  box  or  in  the 
open  room  when  conditions  were  steady.  The  air  surrounding  the 
w^et  kata  when  in  use  is  rarely  actually  still  during  the  cooling 
period,  because  the  temperature  of  the  kata  surface  is  constantly 
changing  and  almost  always  different  from  the  temperature  of  the 
air,  and  this  causes  convection  currents  round  the  bulb.     The 
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experimental  results  given  later  show  what  eflFect  this  has  when 
the  kata  is  used  at  very  low  air  velocities. 

Method  of  Investigation  and  Results  Ohtuined 

The  formula  given  by  Rees<*)  for  the  wet  kata  had  been  largely 
accepted  for  use  at  high  wet-bulb  temperatures  and  the  method 
described  by  him  was  used  to  test  his  formula  under  local  conditions. 

(a)  Tlie  Wet  Kata  in  Still  Air 

Experiments  were  first  carried  out  to  find  the  still  air  relationship 
between  the  cooling  power  of  the  air  as  measured  by  the  wet  kata 
and  the  unventilated  wet-bulb  temperature.  In  Rees's  formula 
this  was  given  as — 

H'=  0-366f': 
where 

H'=  cooling  power  in  millicalories  per  sq.  cm.  per  sec. 

and      6'=  the  difference  between  97*5°  F.  and  the  unventilated 

wet-bulb  temperature. 
This  result  was  obtained  for  the  unventilated  wet-bulb  temperature 
range  of  about  83°  F.  to  93^  F.,  and  showed  also  that  dry-bulb 
temperatures  as  much  as  28°  higher  than  the  wet-bulb  temperatures 
had  a  negligible  effect. 

The  author's  experiments  indicate  that  if  a  wider  range  of  temp- 

perature  is  covered—^  is  not  a  constant,  and  that  if  H'  is  plotted 

on  a  graph  against  the  unventilated  wet-bulb  temperature  a  slight 

curve  is  obtained  (Fig.  3).   It  can  be  seen  from  Fig.  3  that  at  90°  F. 

H'  H' 

— .=  0-44,  at  80°  F.  -^=  0-46  and  below  that  the  ratio  declines  until 
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at  55**  F.  it  is  0-89.     This  agrees  with  the  result  toond  bj  BoisK^), 

F 

viz.,  that  T  X  6'  increases  as  0'  increases,  because  H'=-^  and 

H'  F 

therefore  -7-7  =-7= — -rr.    As  F  is  a  constant  T  x  tf'  is  inversely 

Iff 

proportional  to  -^ .    However,  for  practical  use  it  is  the  tempera- 
te 

tures  above  75°  F.  which  are  important,  and  in  this  range  the  ratio 

can  be  taken  as  0*45  with  very  Httle  error. 

Nevertheless  this  is  very  different  from  the  ratio  of  0*86  obtained 
by  Bees,  and  the  most  Hkely  solution  seemed  to  be  the  effect  of  the 
much  higher  altitude  at  which  the  experiments  were  carried  out. 
The  lower  atmospheric  pressure  would  increase  the  rate  of  evapora- 
tion and  hence  the  cooling  power  of  the  air.  Experiments  were 
therefore  carried  out  in  still  air  at  different  depths  in  the  mines, 

H' 

and  these  confirmed  the  assumption  that  the  ratio  -^r  decreased 

with  depth — i.e.,  with  increase  of  atmospheric  pressure — though  not 

to  the  extent  expected.  It  was  found  to  vary  inversely  approximately 

as  the  square  root  of  the  atmospheric  pressure,  i.e.,  at  a  pressure  of 

H' 
■24'5  inches  of  mercury-^  =  0-45,  whereas  at  a  pressure  of  8(H) 

H' 

inches  of  mercury  -^r=  ^'^l. 

The  figure  0-41  still  does  not  agree  with  the  figure  0-36  obtained 
by  Rees,  but  the  difference  may  be  accounted  for  by  differences  in 
technique,  thickness  of  sleeve  used,  and  the  instruments  used. 

{b)  The  Wet  Rata  in  Moving  Air 

Keeping  the  wet-bulb  temperature  constant,  the  wet  kata  readings 
were  obtained  over  a  large  range  of  velocities  and  the  results  plotted 
graphically  for  both  low  and  liigh  wet-bulb  temperatures.  For 
velocities  higher  than  about  20  f.p.ni.  it  was  found  that  H'  plotted 
against  the  square  root  of  the  velocity  gave  very  nearly  a  straight 
line,  although  if'  plotted  against  the  cube  root  of  the  velocity  was 
even  better  (Figs.  4  and  5).  It  will  be  shown  later  that  the  differ- 
ence is  not  important. 

The  graphs  in  Figs.  4  and  5  show  clearly  that  at  an  un ventilated 
wet-bulb  temperature  of  75°  F.  and  dry-bulb  temperature  a  few 
degrees  higlier.  there  is  a  marked  change  in  the  relationship  between 
air  velocity  and  cooling  power  below  an  air  v(docity  of  about  20  f  .p.m. 
The  reason  is  that  at  very  low  air  speeds  the  air  rising  past  the  kata 
bulb  due  to  convection  interferes  with  the  horizontally-flowing  air 
current,  whereas  above  20  f.p.m.  or  so  the  effect  becomes  negligible. 
The  figure  of  20  f.p.m.  varies  somewhat  according  to  the  temperature 
of  the  surrounding  air  and  hence  the  velocity  of  the  convection 
•currents,  but  the  effect  is  still  noticeable  even  when  the  temperatures 
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Fio.  4. — Wet  kata  recklings  at  constant  wet-bulb  temperature  (74' 8°  F. — 
75-2°  F.  variation). 

are  much  higher.  In  the  case  shown,  when  the  un ventilated  wet- 
bulb  temperature  is  75°  F.,  it  will  be  seen  that  from  the  straight-line 
relationship  between  H'  and  v  V  a  wet  kata  thermometer  in  still 
air  would  indicate  a  velocity  of  about  14  f.p.m.  As  a  general  rule, 
the  kata  thermometer  should  not  bo  used  as  a  measure  of  air 
velocities  below  approximately  20  f.p.m.  • 

Using  the  method  given  by  Kees<*>  for  obtaining  the  complete 
formula,  including  the  unventilated  wet  bulb,  the  author  plotted 


40 


30 


H' 


20 


10 


»-  -' 


2  4  6  8 

3 


10 


12 


yr 


Fio.  6. — ^Wet  kata  readings  at  constcuit  wet-bulb  temperature  (cf.  Fig.  4), 


p.   H.    KITTO  :    THE   IIBE   OF    THE    WET   KATA 


-■> 

6 
+ 

<i  ^ 

CM     > 

6 
+ 
o 
II 

■  1-. 

g   s   s 

S      6      = 

t   %   t 

1   2   ?    ?    s 

li 

II 

if. 

?«"                SS    =    S3 

11 
It 

■> 

i  1  1   1 

t 

S    ?    1    s    ? 

2- 

K    3    S 

.,.,, 

THEBMOMETEB   ON   THE  WITWATEBBRAND 


81 


H'  —  0-450'  against  the  square  root  of  the  velocity  and  obtained  a 
formula  for  use  at  this  altitude.  It  was  then  necessary  to  introduce 
a  factor  to  allow  the  formula  to  be  used  at  any  depth  in  the  mines, 
but  this  did  not  prove  to  be  easy.  In  the  case  of  still  air  a  correction 
could  easily  be  apphed,  but  when  the  air  is  moving  the  effect  of 
pressure  was  found  to  be  much  less  noticeable.  The  reason  for  this 
is  not  quite  clear,  but  it  is  possibly  due  to  some  effect  that  the 
greater  mass  of  air  for  the  same  velocity  at  high  pressures  has  on 
the  rate  at  which  the  heat  is  transferred  from  the  kata  to  the  air. 

H' 

The  author  found  that  the  ratio  for  -^  of  0-45  did  not  give  quite 

such  good  results  for  moving  air  as  a  somewhat  lower  one,  about 
0-40,  and  so  the  fornmla  was  worked  out  using  this  figure  by 
plotting  H'  —  0-4  6'  against  6'  V  V.    It  became 

H'  — 0-4  6'  +  '04  6'  s/V 
or 

H'  =  O-4  0'  (1  +0-1  v'F), 

and  this  was  found  to  give  sufficiently  accurate  results  at  all  the 
pressures  tested  (from  24'5  in.  of  mercury  to  31 '6  in.  of  mercury) 
to  enable  the  correction  for  pressure  to  be  left  out  entirely. 

If  V  F  is  used  a  formula  can  bo  found  in  a  similar  manner. 
The  straight  line  in  Fig.  5  may  be  extrapolated  to  the  axis  to  give 
a  hypothetical  figure  of  H'  —  0-1  6'  when  V  is  0.  Plotting 
if'  —  O'l^'  against  6'  \V  the  author  obtained  the  graph  showh 
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in  Fig.  6,  which  includes  velocities  from  80  to  1,800  f.p.m.  and 
values  of  6'  from  5^  to  40^  F.  From  this  the  formula  obtained  is 
H'  =  0-1^' +  0-15^'  ^V. 

Although  at  first  glance  this  seems,  to  be  quite  different  from  the 
other  formula  given — viz.,  H'  =  0-4  6'  +  0*04  6'  V  V,  the  two  give 

fl' 

very  similar  results.    Table  I  shows  the  values  of  -rrp  obtained  from 

V 

these  two  formulae,  that  of  Rees  and  those  of  Professor  Hill,  for 
different  air  velocities. 

Professor  Hill  used  the  true  wet-bulb  temperature  for  his 
formulae,  but  in  practice  the  author  finds  that  in  the  moist  con- 
ditions usually  found  underground  on  the  Band  there  is  seldom 
need  for  such  accuracy  as  to  make  it  necessary  to  specify  either 
the  un ventilated  or  the  ventilated  wet- bulb  temperature,  even  for 
low  air  velocities  and  temperatures  up  to  90°  F.  At  about  15  f.p.m. 
air  velocity  (due  to  convection  currents  only)  the  author  obtained 
the  following  differences  between  a  thermometer  hanging  freely 
exposed  to  the  atmosphere  and  the  same  thermometer  swung  on 
the  end  of  a  piece  of  string  at  not  less  than  600  f.p.m. : 

Wet  Bulb  Temperature  (°F) 

Unventilated  Ventilated 

62-9  62-3  (dry-bulb  68-3) 

64-6  640  (diy-bulb  700) 

83- 1  82-4  (diy-bulb  890) 

88- 1  87-4  (diy-bulb  96-0) 

In  circumstances  where  the  dry-bulb  temperature  is  much 
higher,  as  might  be  the  case  in  dry  mining,  the  differences  would 
be  greater. 

The  nioi^t  important  thing  to  remember  with  these  formulae  is 
that  the  air  velocity  measured  bv  the  kata  is  never  0,  and  that  the 
kata  should  not  be  used  to  measure  air  velocities  below  a])out 
20  f.p.m. 

The  f<)rmulae  given  in  Table  I  have  been  compared  with  nunibi-rs 
of  practical  results  taken  underground  in  mines  of  the  Witwaters- 
rand  by  different  workers  and  the  best  agreement  is  undoubtedly 
given  l>y  the  last  two.  At  very  low  air  velocities  the  formula  in  the 
last  column  seems  to  give  the  best  results.  The  general  tendency  is 
for  the  velocity  calculated  from  the  formulae  to  be  slightly  higher 
than  that  obtained  bv  measurement,  duo  to  the  fact  that  the 
measured  velocitv  is  linear  and  the  kata  takes  account  of  velocity 
from  any  direction — i.(^,  turbulent  air.  From  this  point  of  view  the 
velocity  as  measured  by  the  kata  would  seem  to  give  a  better  indica- 
tion of  the  cooling  effect  this  air  would  have  on  men  working  in  it 
than  the  linear  velocity. 

(c)  The  EJfcrt  of  Hiqh  Dry-Bulb  Temperatures  and  of  Radiation  on 
the  Wet  Kata 

At  the  present  time  neither  of  these  factors  is  of  much  importance 
in  tln'  Witwatersrand  mines,  where  the  air  is  very  humid  and  rock 
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surface  temperatures  are  usually  only  a  few  degrees  above  the  air 
temperature,  but  some  experiments  have  been  carried  out  to 
determine  the  relative  effects  of  each.  The  results  indicate  that 
differences  of  up  to  80°  P.  in  the  dry-bulb  temperature  have  very 
little  effect  on  the  relationship  between  kata  reading,  wet-bulb 
temperature,  and  air  velocity.  One  would  expect  therefore  that 
changes  in  dry-bulb  temperature  of  this  order  would  have  little 
effect  on  working  efficiency  providing  the  wet-bulb  temperature 
remained  constant,  and  this  has  been  borne  out  by  recent  experi- 
ments.^')  It  was  found,  however,  that  in  very  hot  dry  conditions 
the  standard  thin  kata  sleeve  used  was  not  suitable,  as  it  started 
to  dry  out,  with  a  resultant  marked  effect  on  the  kata  reading, 
and  it  can  be  assumed  that  the  heating  effect  on  a  human  being 
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H    (radiation  from  surface  at  125-130  '^f) 
Fio.  7. — Effect  of  radiation  on  the  wet  kata. 


would  be  just  as  marked  if  conditions  were  such  that  the  sweat 
was  evaporating  faster  than  it  could  be  produced. 

The  effect  of  radiation  has  been  tested  within  the  limits  likely 
to  be  encountered  in  mining.  The  experiments  were  carried  out 
in  a  duct  of  square  cross-section  which  could  be  heated  electrically 
over  a  short  distance  opposite  to  the  point  at  which  the  kata  was 
suspended.  Conditions  were  therefore  similar  to  those  which  might 
be  obtained  in  a  drive  where  heat  was  radiating  from  the  rock 
surface. 

The  heated  surface  was  maintained  at  a  temperature  between 
125°  F.  and  IBO""  F.,  and  the  kata  readings  compared  with  those 


84  p.   H.    KITTO  :    THE   USE   Or  THE   WET   KATA 

taken  at  the  same  wet-bulb  temperature  and  air  velocity  when 
there  was  no  radiation.  The  temperatures  were  taken  in  a  position 
unaffected  by  the  radiation.  The  surface  consisted  of  oxidized  iron, 
with  an  emissivity  of  about  0*9  (blackbody  emissivity  =  1). 

The  results  are  shown  in  Fig.  7,  which  includes  readings  taken 
at  air  velocities  from  50  to  200  f.p.m.  and  unventilated  wet-bulb 
temperatures  from  93*5°  F.  to  85-0**  F.  The  radiation  caused  a 
drop  in  the  cooling  power  of  the  air  on  the  kata  of  approximately 
1  millicalorie  per  sq.  cm.  per  sec,  and  would  become  fmportant 
therefore  only  when  air  conditions  were  nearing  the  limit  of  human 
tolerance. 

(3)  A  Comparison  between  the  Cooling  Power  op  the  Aib  on 
THE  Wet  Kata  and  on  Larger  Bodies 

From  time  to  time  the  kata  thermometer  has  been  criticized 
on  the  grounds  that  it  is  too  small  an  instrument  to  be  used  as  a 
measure  of  the  effect  environmental  conditions  will  have  on  a 
body  the  size  of  a  man,  and  in  particular  that  it  exaggerates  the 
effect  low  air  velocities  will  have  on  such  a  body.  The  experiments 
described  in  what  follows  were  undertaken  to  gain  more  information 
on  the  comparative  rates  of  heat  loss  per  unit  area  of  different-sized 
bodies. 

The  absolute  and  accurate  measurements  of  the  heat  lost  from 
a  body  such  as  the  kata  thermometer  over  the  range  100*"  F.  to 
95°  F.  when  cooling  from  117-5°  F.  to  a  temperature  below  96°  F. 
is  not  an  easy  matter,  and  for  the  purpose  of  this  investigation  it 
was  not  considered  necessary.  It  was  shown  as  long  ago  as  1924C*> 
that  the  kata  thermometer  does  not  accurately  measure  the  cooling 
power  of  the  air  even  on  itself,  but  it  does  serve  as  a  somewhat 
arbitrary  method  giving  comparisons  of  the  varying  conditions 
between  one  place  and  another.  The  question  that  arises  is  how 
far  these  comparisons  reflect  the  effect  such  conditions  will  have 
on  a  human  being.  Estimations  by  various  means  of  the  actual 
ratio  of  the  heat  lost  per  unit  area  per  second  from  the  wet  kata 
and  from  a  man  in  the  same  environment  vary  considerably,  ranging 
from  a  heat  loss  for  the  kata  four  or  live  times  that  of  a  human 
being<*)  to  a  heat  loss  of  approximately  the  same  for  bothW.  The 
chief  variable  is  the  ability  of  acclimatization  of  a  human  being, 
which  in  itself  varies  from  one  person  to  another  and  from  time  to 
time,  and  for  this  reason  no  instniment  can  be  designed  which 
will  give  accurately  the  effect  any  particular  set  of  conditions  will 
have  on  any  one  person  without  that  person's  own  reactions  to 
different  conditions  being  known. 

It  can  be  seen,  tht^n,  that  although  the  wet  kata  itself  is  very 
sensitive  in  its  reaction  to  varying  conditions,  the  reading  obtained 
can  at  best  only  be  approximately  correlated  with  the  possible 
reactions  of  men  working  or  resting  under  the  same  conditions. 
The  experiments  which  have  been  carried  out,  however,  may  help 
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to  throw  some  light  on  the  controversial  question  of  the  usefulness 
of  kata  thermometer  readings. 

Previous  Work 

Much  work  has  already  been  done  on  the  difference  in  rate  of 
heat  loss  from  the  surface  of  large  and  small  bodies  immersed  in 
fluids  of  different  kinds,  including  air,  and  some  of  the  results 
obtained  give  a  useful  guide  to  the  differences  that  might  be 
expected  when  comparing  a  kata  thermometer  with  a  human  being. 

A  start  may  be  made  by  considering  separately  the  ways  in  which 
a  wet  kata  loses  heat.    They  may  be  divided  as  follows  : 

(1)  From  the  interior  of  the  kata  to  the  surface,  by  convection 
and  conduction  ; 

(2)  From  the  surface  :  (a)  by  evaporation  of  water ;  (b)  by 
convection,  both  natural  and  forced ;  and  (c)  by  radiation. 
There  will  also  be  a  small  amount  of  diffusion  from  the  surface,  but 
this  can  be  neglected. 

The  relative  amounts  of  heat  lost  bv  each  method  are  not  con- 
fitant  and  may  vary  greatly  from  one  place  to  another.  The  heat 
lost  by  evaporation  (a)  will  decrease  with  increase  in  wet-bulb 
temperature  and  will  also  depend  largely  on  (b),  the  amount  of 
convection.  The  amount  of  heat  lost  under  (b)  is  less  important 
than  the  effect  convection  has  on  the  rate  of  evaporation  and  hence 
the  amount  of  heat  lost  under  (a),  a  conclusion  which  can  be  easily 
demonstrated  by  comparing  a  wet  kata  with  a  dry  kata  under  the 
same  conditions.  The  quantity  of  heat  lost  by  radiation  (c)  will 
depend  on  the  temperature  of  the  surrounding  surfaces.  In  certain 
circumstances  (c)  might  have  a  negative  value — i.e.,  if  the  surround- 
ing surfaces  are  at  a  higher  temperature  than  the  kata  surface  it 
will  gain  heat  by  radiation  from  them  instead  of  losing  it. 

Experiments  on  men  resting  in  still  airO  show  clearly  the  big 
variations  that  may  be  expected  in  the  relative  amounts  of  heat 
lost  by  (a)  and  (c)  as  the  conditions  change,  but  in  those  working 
places  of  the  mines  of  the  Witwatersrand  where  conditions  are 
such  that  the  kata  readings  are  low,  radiation  is  at  present  unimpor- 
tant, and  the  heat  from  the  kata  or  a  man  is  lost  mainly  by 
evaporation  and  by  the  effect  of  forced  convection  (i.e.,  air  velocity) 
particularly  insofar  as  it  affects  the  rate  of  evaporation. 

(a)  Evaporation 

The  evaporation  of  water  from  surfaces  of  varying  shapes  and 
sizes  has  been  studied  by  Powell(®>.  He  found  that  for  each  type 
of  surface  the  rate  of  evaporation  per  unit  area  tended  to  assume 
a  common  value  for  larg(^  bodies  but  increased  rapidly  for  small 
bodies.  In  the  case  of  a  sphere,  for  example,  the  rate  of  evaporation 
per  unit  area  at  400  f.p.m.  was  almost  three  times  as  great  for  a 
sphere  of  diameter  2-5  cm.  as  it  was  for  a  sphere  of  diameter  20  cm. 
but  above  this  size  indications  were  that  the  change  was  small. 
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Furthermore,  this  ratio  did  not  alter  much  over  a  wide  range  of  air 
velocities,  although  the  tendency  was  for  it  to  decrease  at  the 
higher  velocities. 

The  approximate  relationship  deduced  by  Powell  for  a  sphere 
was  that  the  rate  of  evaporation  per  unit-  area  per  unit  vapour 
pressure  difference  (between  the  saturated  surface  and  the  air 
stream)  is  proportional  to  V^'^  and  dr^'^,  where  V  is  the  velocity 
and  d  the  diameter,  but  this  variation  evidentlv  does  not  hold  for 
spheres  of  diameter  greater  than  about  20  cm.,  which,  he  says,  tend 
to  assume  a  constant  rate  of  evaporation  per  unit  area. 

(6)  Convection 

Natural  convection — i.e.,  convection  caused  solely  by  the  differ- 
ence in  temperature  between  the  surface  of  the  body  and  the 
surrounding  air — is  seldom  of  much  importance  in  Band  mines,  but 
it  may  be  considered  as  a  matter  of  interest.  According  to  P^clet^*). 
working  with  spheres  filled  with  water  kept  constantly  stirred,  the 

rate  of  heat  loss  by  convection  varies  as  1'778  -\ where  r  is 

the  radius  of  the  sphere  in  metres.  He  only  worked  with  diameters 
between  5  and  80  cm.,  but  if  the  formula  is  taken  to  hold  at  2-5  and 
50  cm.  this  gives  a  heat  loss  per  unit  surface  area  approximately 
5  times  as  much  for  the  small  sphere  as  the  large  one.  Later  work 
on  horizontal  cylinders,  however,  indicates  that  the  heat  loss  per 
unit  area  is  independent  of  the  diameter  above  approximately 
15  cm.W. 

Finally  there  is  the  case  of  forced  convection — i.e.  the  effect  of 
air  velocity.  A  lot  of  work  has  been  done  on  its  effect  on  wires  and 
pipes  where  the  diameter  is  small  compared  with  the  length,  and  also 
on  other  bodies,  including  the  dry  kata  thermometer,  which  show 
that  for  bodies  about  the  size  of  the  kata  the  rate  of  heat  loss  varies 
as  F®^,  but  in  the  case  of  larger  bodies  there  is  some  evidence,  though 
not  entire  agreement,  that  it  varies  according  to  a  higher  power  of 
T/_-between  0-5  and  l-0(ii'"). 

In  the  case  of  wires  and  cylinders  the  heat  loss  per  unit  area  has 

been  found  to  be  proportional  to  -^^  for  fine  wires  and  something 
like  -tq:^  for  larger  cylindersC^*). 

With  a  mean  value  of  -tqJ  the  comparative  heat  loss  per  unit 

area  for  cylinders  of  2-5  and  50  cm.  would  be  4  to  1,  which  is  similar 
to  the  diffi'rencos  obtained  for  natural  convection  and  for 
evaporation. 

Summary  of  Previous  Worl: 

Denliiif^  with  evaporation,  which  generally  accounts  for  most  of 
the  heat  loss,  the  relationship  obtains  that  per  unit  area  it  varies 
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S8  V^^  and  as  i^'^,  whereas  in  the  case  of  forced  convection  it  is 
found  that  the  heat  loss  per  unit  area  varies  as  V^'^  for  small  bodies 
— probably  increasing  to  nearer  V  for  large  bodies — and  as 
j-o-«  to  -0  5^  Thus  it  is  likely  that  the  proportional  eflFect  of 
velocity  on  large  wet  bodies  will  not  be  very  different  from  that  on 
«mall  bodies,  a  result  which  is  borne  out  by  the  experiments  of 
Winslow,  Herrington,  and  Gagge,  who  found  that  the  convective 
heat  loss  from  a  man  is  proportional  to  the  square  root  of  the 
velocity <"),  and  those  of  Powell  already  quoted. 

Experimental  Procedure 

Owing  to  the  difficulty  of  getting  larger  instruments  made  of  the 
iiame  shape  as  a  kata,  the  standard  shape  used  was  a  sphere,  and 
a  number  of  glass  bulbs  of  varying  diameters  was  obtained,  or 
made,  each  with  a  neck  similar  to  that  of  an  ordinary  round- 
bottomed  flask.  These  bulbs  were  covered  with  net  and  fiilled  with 
liquid  (see  later),  and  their  rates  of  cooling  compared  in  still  air 
and  at  different  velocities. 

In  the  early  experiments  the  bulbs  were  filled  with  mercury  and 
a  small  glass  thermometer  fixed  with  its  bulb  in  the  centre  of  the 
larger  bulb,  the  rate  of  cooling  being  measured  by  the  time  taken 
for  this  thermometer  to  fall  from  100°  F.  to  95°  F.  after  being 
heated  to  117*5°  F.,  and  this  method  gave  good  results  for  bulbs  of 
the  order  of  size  of  the  kata  thermometer  and  a  little  larger,  but 
for  much  bigger  bulbs  (of  diameter  more  than  about  5  cm.)  the 
readings  became  somewhat  erratic,  o^ing  to  the  bigger  difference 
in  temperature  between  the  top  and  bottom  of  the  bulb  during 
cooling.  The  larger  bulbs  also  were  not  easy  to  handle,  owing  to 
the  weight  of  the  mercury. 

Other  liquids  were  then  tried,  including  coloured  alcohol,  water, 
and  malariol,*  and  the  bulbs  were  calibrated  in  a  similar  manner  to 
the  kata  thermometer  by  inserting  a  stopper  with  a  stem  of  suitable 
thickness  into  the  neck  and  marking  on  the  stem  the  position  of  the 
liquid  corresponding  to  100°  and  95°.  Care  was  taken  that  no 
air  bubbles  remained  in  the  bulb  on  warming  and  the  amount  of 
liquid  was  adjusted  until  it  reached  a  suitable  position  on  the  stem 
at  these  temperatures.  There  must  be  another  small  bulb  above 
the  stem  to  hold  the  liquid  which  expands  above  the  marks  in  the 
preliminary  heating  to  117*5°  F.  The  top  has  a  small  opening  to 
the  atmosphere,  and  for  this  reason  alcohol,  particularly,  was  not 
very  suitable,  owing  to  evaporation,  the  bulbs  needing  frequent 
reoalibration.  Water  was  better  in  this  respect,  and  results  have 
been  obtained  with  it  up  to  a  bulb  size  of  22*5  cm.  diameter. 

The  method  adopted  was  for  each  bulb  in  turn  to  be  compared 
with  a  small  spherical  bulb  of  2*5  cm.  diameter  and  the  ordSnary 
kata  thermometer  (to  give  them  a  *  factor  *  in  *  still  air ' — i.e.,  air 

*  Liquid  of  low  vapour  pressure  used  iii  mosquito  control ;  a  product  of 
the  SheU  OU  Co. 
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moving  by  natural  convection  only),  and  then  with  the  small  bulb 
at  different  air  velocities.  Temperature  conditions  were  those- 
pre vailing  in  the  laboratory,  and  altered  slightly  from  time  to  time. 
For  this  reason  the  difference  in  heat  loss  per  unit  area  between 
each  bulb  and  the  small  one  was  expressed  as  a  percentage,  and  this 
percentage  applied  to  an  arbitrary  heat  loss  which  was  about  the 
mean  of  those  obtained  at  any  one  velocity. 

The  results  are  shown  in  Figs.  8,  9,  and  10,  and  in  Table  II.  Fig.  8 
shows  the  effect  of  bulb  size  on  the  measurement  of  the  cooling 
power  of  the  air  at  two  different  velocities,  100  and  200  f.p.m., 
if  they  are  standardized  to  give  the  same  value  of  H'  in  still  air. 
It  seems  that  above  12  cm.  diameter  the  effect  is  negligible,  and 
that  the  difference  between  a  sphere  comparable  in  size  with  the 
kata  and  one  comparable  in  size  with  a  human  being  is  not  likely 
to  be  more  than  about  20  per  cent.  Furthermore,  the  two  curves 
follow  one  another  closely,  so  that  the  effect  of  changes  in  velocity 
is  not  likely  to  be  great. 

Similar  curves  have  been  obtained  at  velocities  from  80  to  500 
f.p.m.  In  other  words,  when  comparing  the  effect  of  different  air 
velocities  on  bodies  of  various  sizes,  a  small  body  does  not  exagger- 
ate the  effect  of  low  air  velocities  to  any  great  extent.  This  is  per- 
haps shown  more  clearly  in  Fig.  9,  in  which  three  of  the  bulbs  are 
assumed  to  give  the  same  value  of  the  cooling  power  of  the  air  at 
200  f.p.m.,  and  the  results  given  by  each  bulb  at  lower  air  velocities 
compared.  The  variation  that  does  occur,  however,  takes  place 
almost  entirely  betwet^n  0  and  100  f.p.m. 

Table  II  gives  the  comparison  between  the  surface  areas  of  the 
bulbs  and  their  rates  of  heat  loss  per  unit  area  (i.e.,  the  rate  of 
cooHng  from  100-95°  F.  divided  b}-  the  surface  area)  at  100  f.p.m., 
giving  the  bulb  nearest  in  sizu  to  tho  kata  a  value  of  1  in  each  case. 


Table  II 


Bulb 
Diurn. 
{d  cm.) 

(lO.b 

Relative 

Surface 

Areas 

Relative 

KHtes  of 

Heat  Loss 

{n)0  f.p.m.) 
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Rate  of 

Heat  Loss 

per  unit 

area  (/?) 

1 
R 

M 

10.-) 

0-19 

0-37 

1-95 

0-51 

2', 

ir)8 

10 

10 

1-00 

100 

oO 

2'24 

40 

21 

0-525 

1-91 

8-2 

2-86 

10-7 

.3-9 

0-365 

2-74 

12-9 

3o9 

20-7 

7-4 

0-277 
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Fio.  10. — Effect  of  bulb  size  on  the  rate  of  heat  loss  per  unit  area  (at 
100  f.p.m.). 

In  Fig.  10  tlie  reciprocals  of  these  relative  rates  of  heat  loss  per 

unit  area  for  each  bulbi  —  )are  plotted  against  d®^  (d  =  diameter 

of  bulb  in  cm.),  which  gives  a  reaR<)uably  straight  line  for  values 
of  i  above  2*5  cm.  ]5y  extrapolation,  a  bulb  of  diameter  50  cm. 
would  lose  heat  at  approximately  |th  the  rate  per  unit  area  that  a 
bulb  the  size  of  a  kala  loses  heat.  If  tin*  rate  of  evaporation  per 
iniit  area  tends  to  assume  a  cimstant  value  for  large  spheres  as 
stated  by  PowelH®^  this  ratio  would  bo  less  than  8  to  1. 


CoNCLrsiONS    AND    DiSCUSSIONS 

From  comparisons  of  different  sized  spheres  it  is  shown  that  under 
the  conditions  tested  the  loss  of  heat  per  unit  area  for  a  wet  spherical 
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surface  varies  approximately  as  d-^'*  (where  d  is  not  less  than 
2*5  cm.),  and  that  for  a  sphere  comparable  in  size  to  a  human  being 
the  rate  of  heat  loss  per  unit  area  might  be  approximately  (th  that 
of  a  sphere  near  the  size  of  a  kata.  It  is  shown  also  that  this  ratio 
does  not  alter  very  much  with  changes  in  air  velocity,  so  that  as 
far  as  size  alone  is  concerned  the  kata  thermometer  can  be  compared 
without  very  great  error  with  a  human  being. 

The  actual  ratio  does  not  matter  as  long  as  the  relative  effect  of 
varying  air  velocities  is  similar,  and  it  has  been  shown  that  the 
difference  between  small  and  large  bodies  is  not  likely  to  be  of  much 
importance.  Support  is  given  to  this  result  by  the  experiments 
which  showed  that,  like  the  kata,  the  convective  heat  loss  from  a 
man  is  proportional  to  the  square  root  of  the  velocity  ^"^- 

The  effect  of  shape  has  not  been  thoroughly  investigated,  but  it 
is  apparent  that  for  any  type  of  body  the  bigger  the  surface- 
area /volume  ratio  the  faster  that  body  will  lose  heat  at  any  particular 
air  velocity,  providing  the  air  comes  in  contact  with  the  whole  of 
the  surface.  In  the  case  of  men  working  underground  their 
surface-area /volume  ratio  is  much  bigger  than  the  kata,  but  parts 
of  the  surface  mav  be  shielded  from  the  air  flow,  which  in  turn 
may  vary  from  practically  streamlined  to  extremely  turbulent. 
Turbulent  flow  will  increase  the  rate  of  heat  loss  from  a  surface, 
some  workers  stating  that  for  turbulent  flow  the  rate  of  heat  loss 
per  unit  area  varies  more  nearly  as  F  than  as  \/F^").  These 
possible  variations  are  probably  not  of  much  importance  when 
compared  with  the  big  difference  in  reaction  to  changes  of  environ- 
ment that  is  found  from  one  person  to  another.  Although  my 
experiments  indicate  that  the  wet  kata  thermometer  can  be  used 
as  a  means  of  comparing  the  cooling  powers  of  different  air  con- 
ditions on  a  man,  it  does  not  follow  that  it  can  therefore  be  used  as 
a  direct  measure  of  the  efficiency  of  a  man  working  in  those  con- 
ditions, because  a  big  change  in  heat  loss  per  unit  area  from  a  man's 
body  may  have  a  relatively  small  effect  on  his  work  output.  Much 
work  has  already  been  done  on  the  comparison  between  kata 
readings  and  work  output,  but  there  is  scope  for  a  lot  more, 
particularly  in  connection  with  the  effects  of  radiation  and  high 
drj'-bulb  temperatures. 

The  inclusion  of  these  factors  in  the  correlation  between  kata 
readings  and  work  output  might  help  to  increase  the  usefulness 
of  wet  kata  readings  as  a  comparative  measure  of  working 
conditions. 

The  author's  thanks  are  due  to  the  Transvaal  Chamber  of  Mines 
for  its  permission  to  publish  this  paper. 
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FURTHER  CONTRIBUTED  REMARKS  ON 
>fote8  on  Mining  Education  and  Postgraduate  Training* 

By  J.  A.  S.  R1T8ON,  O.B.E.,  D.S.O.,  M.C.,  Member 

Mr.  S.  E.  Willows-Munro  :  In  South  Africa,  a  well-established 
approach  to  the  mining  engineering  profession  is  the  three-  or  four- 
year  full-time  mining  course  taken  at  the  University.  It  is 
generally  agreed  that  this  course  must  be  supplemented  by  much 
practical  experience,  to  enable  the  young  men  to  develop  *  mining 
sense  '  as  well  as  the  art  of  controlling  men.  There  are,  however, 
many  who  enter  the  mining  industry  directly  in  junior  capacities 
who  are  anxious  to  fit  themselves  for  more  responsible  posts  but 
whose  educational  background  has  not  equipped  them  with  a 
knowledge  of  the  scientific  principles  needed  to  do  so.  The 
technical  college  is  able  to  offer  these  junior  learners  adequate 
educational  facilities  on  a  part-time  basis,  as  part  of  a  nation-wide 
system  w^hereby,  in  State-subsidized  institutions,  a  full  range  of 
industrial  and  commercial  education  is  available  to  all.  The 
Union  Government's  subsidies  amounted,  in  1946,  to  just  under 
£1,000,000. 

A  brief  resume  of  the  development  of  mining  education  in  th^ 
Unionf  might  be  of  interest  to  members. 

Until  the  disco verv  of  the  diamond  mines  in  Kimberlev  in  1871 
South  Africa  had  few  industries,  and  the  only  workshops  in 
existence  at  that  time  wore  those  attached  to  the  Cape  Government 
Railways.  The  discovery  of  gold  in  1886  on  the  Witwatejsrand, 
with  the  rapid  development  that  followed,  served  to  focus  the 
attention  of  South  Africans  on  mining.  In  1894  a  scheme  for  the 
training  of  mining  engineers  was  adopted  by  the  Government  of 
the  Cape  of  Good  Hope,  and  this  led  to  the  establishment  of  the 
South  African  School  of  Mines  at  Kimberlev  in  1896,  with  Dr. 
James  G.  Lawn  as  the  first  professor,  now  one  of  our  Past-Presidents. 
The  work  of  the  school  was  seriously  interrupted  by  the  South 
African  War. 

Following  the  report  of  the  Technical  Education  Commission  hi 

1903,   the    Kimberlev   School   of   Mines   was   transferred   to   the 

__  _  *■ 

Transvaal  Technical  Institute  in  Johannesburg,  which  originally 
only  undertook  the  training  of  mining  engineers  but  soon  introduced 
courses  in  other  branches  of  engineering.  This  was  the  forerunner 
of  the  South  African  School  of  Mines  and  Technology,  which  was 
estabHshed  in  1910,  and  which  subsequently  became  the  University 
of  the  Witwatersrand. 

♦Paper,  Bull.  511,  June,  1949:  dwcusaioii.  Bull.  51.3,  Aug..  1949. 

tORR,  Professor  John.     Technical  education  and  training.     Trans.  S.AJr, 
Inat.  Elect.  Engrs.,  April,  1932. 
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An  offBhoot  of  these  institutions  is  the  Witwatersrand'Technieal  ^ 
College,  an  institution  constituted  as  a  place  of  higher  education 
under  the  Higher  Education  Act  of  1928.  The  Mining  Department 
of  the  Witwatersrand  Technical  College  during  the  last  ten  yean 
has  had  7,885  registered  students  (excluding  approximately  1,200 
ex- volunteers).  The  maximum  number  during  any  one  year  w» 
1,594  spread  over  110  classes,  the  area  served  extending  over  a 
distance  of  200  miles,  from  Klerksdorp  to  Witbank.  The  war 
affected  these  classes  adversely,  the  numbers  falling  at  one  time  to 
825. 

Mining  is  a  complicated  art  and  science.  Mining  sense  and  the 
handling  of  men  are  developed  by  actual  practical  experience,  and 
the  science  of  mining  by  systematic  study.  People  who  control 
industry  may  be  divided  broadly  into  three  groups  :  (1)  consultants, 
(2)  managers,  and  (8)  producers,  with  their  sub-groups.  In  mining 
there  is  a  similar  classification :  consulting  engineer,  genera! 
manager,  mine  manager,  sectional  manager,  underground  managers, 
surveyors,  study  department,  metallurgists,  assayers,  mine  over- 
seers, shift  bosses,  miners  and  plant  operators. 

The  technical  college  should  not  poach  on  the  preserves  of  the 
full-time  University  or  School  of  Mines  training,  and  its  sphen 
should  cover  the  field  from  Government  Mining  Training  School 
trainees  and  plant  operators  to  sectional  managers.  The  subject! 
recognized  as  forming  the  integral  parts  of  a  vocational  mining 
course  should  be  mathematics  (pure  and  applied),  physics,  chemis- 
try, geology,  mechanical  engineering,  isurveying,  metallurgy^ 
scientific  managemont,  production  control,  labour  control,  and 
training  of  personnel. 

Table  II 

VOCATIONAL    MINING    EDUCATION 

NATIONAL  DIPLOMA  IN  METALLIFEROUS  MINING 

The  diploma  will  bo  awarded  to  candidates  who  satisfy  the  examination 
requirements  in  the  following  14  subjects  : 

Group  I.    Eight  subjects  from  : 

Mining  I*  Mining  Economics  I* 

Mining  II*  Sur\'eying  I 

Mining  III*  Surveying  II* 

Geology  I  Practical  Surveying* 

Geology  II  Mining  Plant 

Mathematics  III  I'ower  Plant 
Mechanical  Engineering 

Group  II.    Five  subjects  from  : 

Metallurgy  of  Gold  :  Theory*  Assaying  I :  Practical* 

Metallurgy  of  Gold  :  Practical*  Ore  Dressing 

Determinative  Mineralogy  Metallurgy  I 

Assaying  I  :  Theory*  Metallurgy  II 

Group  III.    One  subje<'t  from  : 

National  Senior  Certificate — Language  A  or  Economics 

*Compul8ory  subjects. 
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Table  II — continued 

LTIONAL  DIPLOMA  IN  ASSAYING  AND  METALLUROICAL 

ANALYSIS 

9  diploma  will  be  awarded  to  candidates  who  satisfy  the  examination 
rements  in  the  following  14  subjects  : 

T  I.    Eight  subjects  from  : 

ranatics  III  Assaying  I :  Theoiy* 

istry  I :  Theory*  Assaying  I :  Practical* 

istry  I :  Practical*  Metallurgy  II 

istry  II*  Determinative  Mineralogy 

istry  III  MetaUurgy  of  Gold  :  Theory 

Jurgy  I  Metallurgy  of  Gold  :  Practical 


P  II.    Five  subjects  from  : 
Tng  II :    Theory* 
'ing  II :  Practical* 
lurigcal  Analysis  :  Theory 
lui^gical  Analysis  :  Practical* 


Metallurgical  Analysis  II :  Theory 
Metallurgical  Analysis  II :  Practiced* 
Physical  Chemistry 


P  III.    One  subject  from  : 

National  Senior  Certificate — Language  A  or  Economics 

NATIONAL  DIPLOMA  IN  NON-FERROUS  METALLURGY 

i  diploma  will  be  awarded  to  candidates  who  satisfy  the  examination 
"ements  in  14  subjects  : 


p  I.    Eight  subjects  from  : 
istry  I :  Theory* 
istry  I :  Practical* 
lurgy  I* 
lurgy  n* 
istry  n* 

p  H.    Five  subjects  from  : 
lurgy  of  Gold  :  Theory* 
luigy  of  Gold  :  Practical* 
istry  in 
>re8sing* 


Assaying  I :  Theory 
Assaying  I :  Practical* 
Determinative  Mineralogy 
Greology  I 
Mechanical  Engineering 


Physical  Chemistry 
Assaying  II :  Theory 
Assaying  II :  Practical 
Power  Plant* 


p  m.    One  subject  from  : 

National  Senior  Certificate — Language  A  or  Economics 

NATIONAL  DIPLOMA  IN  FERROUS  METALLURGY 

>  diploma  will  be  awarded  to  candidates  who  satisfy  the  examination 
"ements  in  14  subjects  : 


P  I.    Eight  subjects  from  : 

istry  I :  Theory* 

istry  I :  Practical 

lurgy  I* 

lurgy  II* 

minative  Mineralogy 


Chemistry  II 

Iron  and  Steel  Manufacture  I* 

Metcdlography  I* 

Assaying  I  :  Theory 

Assaying  I :  Practical 


P  II.    Five  subjects  from  : 

ind  Steel  Manufeu^ture  II* 
trial  Metallurgy  I 
trial  Metallurgy  II* 
lurgical  Analysis  I  :  Theory' 

p  m.     One  subje<;t  from  : 

rational  Senior  Certificate — Language  A  or  Economics 

*  Compulsorj'  subjects. 


Metallurgical  Analysis  I :  Practical 
Metallography  II 
Assaying  II :  Theory 
Assaying  II :  Practical 
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Particulars  of  courses,  covering  a  total  period  of  five  years,  as 
laid  down  by  the  Union  Department  of  Education,  are  given  in 
Table  II.  The  first  and  second  j'ears*  courses  cover  the  require- 
ments for  the  Mine  Overseers  Certificate  of  Competency,  whfle 
the  first,  second,  and  third  years  cover  the  requirements  for  the 
Mine  Managers*  Certificate  of  Competency. 

That  the  above  is  an  adequate  approach  to  mining  education  is 
shown  by  the  subsequent  careers  of  many  past  students  who  hold 
positions  ranging  from  mine  managers  and  inspectors  of  mines, 
to  other  responsible  positions  in  mining  and  associated  industries. 
Many  students  on  completion  of  their  National  Technical  Certifi- 
cates have  continued  their  studies  and  obtained  B.Sc.  degrees  in 
chemistry,  geology,  mathematics,  or  physics,  externally,  through 
the  University  of  South  Africa. 

In  contrast,  one  must  record  a  lack  of  interest  on  the  part  of 
many  junior  officials  due  principally  to  (1)  low  general  education, 
and  (2)  lack  of  encouragement  on  the  part  of  the  employer. 

The  objects  of  a  vocational  mining  course  should  be  : 

(1)  The  training  of  junior  mine  officials  in  the  scientific  principles 
and  technical  methods  which  form  the  basis  of  economic  pro- 
ductivitv,  safetv  and  health. 

(2)  To  be  an  important  service  department  of  the  industrj-.  On 
this  account,  contact  should  be  kept  between  the  industry  and 
teaching  institute,  so  that  a  steady  flow  of  specially-trained 
personnel  is  available. 

The  following  points  should  also  bo  borne  in  mind  in  am'  scheme 
of  training  : 

(1)  As  mines  become  deeper  and  more  highly  mechanized. 
(Buccess  in  management  is  larg(»ly  dependent  upon  the  technical 
training  and  executive  ability  of  the  officials. 

(2)  Mining  officials  of  all  grades  nmst  have  considerable  experience 
in  practical  mining,  as  well  as  instruction  in  theoretical  subjects. 

(3)  The  provisitm  of  essential  practical  experience  and  of 
instruction  in  scientific  principles  and  technology  are  not  the 
dual  responsibilities  of  a  single  authority,  but  a  divided  responsi- 
bility, which  should  be  shared  l)y  the  management  of  the  mine  and 
by  the  teaching  institute. 

Mr.  T.  R.  H.  Nelson  :  I  would  suggest  that  the  average  mining 
man,  whether  belonging  *  to  coal  or  metal ',  is  of  the  '  middle  class '. 
Most  of  us  hav(»  to  be  content  with  earning  a  reasonable  living  as 
shiftbosses,  surveyors,  and  superintendents  in  the  mine,  the  mill, 
or  on  the  surface,  prol)ably  having  married  at  an  early  age.  A 
young  graduate  generally  jumps  at  the  best  thing  he  can  get — the 
*  middle  class  '  job,  wherein,  as  he  grows  older,  ambitions^  fade 
and  he  becomes  disgruntled.     Speaking  personally,  as  one  in  a 
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position  tliis  last  few  years  to  hire  and  tire  mine  and  surface  labour 
at  his  own  discretion,  I  would  not  change  an  hour  of  my  mucking 
and  drilling  experience  for  a  month  of  my  time  as  a  sampler  and 
surveyor. 

It  seems  to  me  that  the  average  metal  mining  student  stays  at 
school  until  he  matriculates  at  17  years  of  age  or  thereabouts  and 
then  goes  on  to  a  metalliferous  school  of  mines,  wherein  he  maintains 
uninterrupted  contact  with  all  that  is  desirable  in  the  way  of  social 
life,  with  its  healthfid  values  and  broadening  effect.  It  may  mean 
that  he  virtually  starts  his  mining  career  from  the  comparatively 
sheltered  Ufe  of  home  and  school,  lacking  in  contact  with  his 
fellow  men,  and  ignorant  of  the  fact  that  he  has  to  make  a  living 
in  a  highly  competitive  world.  He  probably  hasn't  done  a  stroke 
of  hard  work  in  his  life,  but  he  has  the  advantage  of  background 
and  probably  the  makings  of  a  leader.  What  the  educational 
authorities  could  do  is  to  see  that  every  budding  mining  engineer 
gets  a  chance  for  his  latent  capabilities  before  being  crushed  and 
stulted  by  a  not  particularly  sympathetic  and  kindly  world. 

I  suggest,  therefore,  that  every  would-be  mining  engineer,, 
whether  in  coal  or  metals,  should  be  granted  the  facility  to  remain 
at  school  until  he  is  of  an  age  to  matriculate  or  to  obtain  the  higher 
certificate.  Then  let  him  go  to  an  operating  mine  for  from 
12-18  months  as  a  learner- worker  at  a  living  wage.  Therein  he 
would  learn  something  of  all  departments  which  would  allow  him 
to  choose  between  mine,  mill,  and  surface,  and  to  concentrate 
thereon.  Having  qualified  through  practical  examination  he  could 
then  attend  mining  school  and  ultimately  graduate,  not  only  as  a 
mining  engineer  with  considerable  practical  experience  but  also 
as  a  young  man  less  unsophisticated  and  more  knowledgeable  than 
would  otherwise  have  been  the  case.  At  the  same  time  the  principals 
of  the  mining  schools  should  take  every  opportunity  of  *  boosting  * 
mining  engineering  as  a  profession,  so  that  the  youngster  of  15 
knows  of  mining  from  the  very  day  when  he  first  begins  to  sit  up 
and  take  sensible  notice.  Professor  Ritson's  suggestions  for  a 
timetable  for  young  graduates  are  admirable,  but  I  would  think 
it  very  much  better  to  have  anything  from  12  to  18  months* 
practical  experience  as  a  mucker  and  driller,  as  a  timberman,  or  a 
mill  hand  prior  to  graduation,  this  to  be  followed  by  up  to  two  years 
of  intensive  practical  training  in  mine  or  mill  or  whatever  other 
phase  of  mining  on  which  the  graduate  has  decided  to  concentrate. 

A  further  point  is  that  surely  the  smaller  mines,  which  cannot 
afford  to  maintain  schools  of  instruction,  considerablv  outnumber 
the  larger  that  can.  How  much  better  then  to  learn  all  that  it  is 
possible  to  learn  prior  to  graduation,  and  then  to  spend  a  while 
not  only  on  the  final  details,  but,  more  particularly,  to  get 
experience  of  that  most  important  of  subjects  *  labour  relations  \ 
After  a  couple  of  years  or  so  the  graduate  would  know  whether  his 
driller  was  *  pulling  his  weight  *,  and  would  also  be  able  to  design 
a  sound  steel  headframe. 
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Mr.  L.  C.  Hill :  Professor  Bitson  is  to  be  congratulated  on 
introducing  a  subject  of  vital  importance  and  there  wUl  be  few  who 
do  not  agree  with  his  general  thesis  that  mining  cannot  be  learned 
solely  out  of  books.  A  mining  engineer  is  essentially  a  practical 
man  and  must  needs  practice  his  profession  in  order  to  become 
proficient  in  it.  The  initial  stages  of  this  practice,  when  a  youog 
man  has  just  graduated  and  has  obtained  his  first  job,  are  what  I 
imagine  Professor  Ritson  had  chiefly  in  mind  when  he  wrote  this 
paper.  He  puts  in  a  plea  for  a  course  of  postgraduate  training 
*which  in  his  view  should  consist  of  two  years'  hard  physical  work 
during  which  the  young  engineer  should  himself  carry  out  a  large 
number  of  the  various  jobs  that  go  to  make  up  mining. 

The  practical  experience  that  a  mining  engineer  must  have  had 
before  he  can  be  considered  in  any  way  competent  consists  of  tvo 
quite  distinct  phases  in  my  view : 

(1)  He  should  try  and  obtain  as  much  as  possible  of  the  artesan's 
■aptitude  by  handling  the  various  tools  of  his  trade,  and  actually 
carrying  out  a  variety  of  jobs  with  his  own  hands.  This  phase 
should,  in  my  opinion,  be  carried  out  before  he  graduates  and  not 
afterwards,  as  Professor  Eitson  suggests. 

(2)  The  other  and  much  more  important  phase  consists  in  getting 
practice  in  organizing  and  supervising  the  performance  of  these 
same  tasks  by  other  people,  and  this,  of  course,  must  necessarily 
be  accomplished  after  graduation. 

How  these  objects  can  best  be  attained  will  be  discussed  later, 
but  meanwhile  the  point  I  wish  to  stress  is  that  it  is  wrong  to  expect 
a  young  engineer  to  go  back  to  school  once  he  has  graduated. 
Even  where  this  is  possible,  it  must  have  a  stultifying  effect  on 
most  young  engineers,  who  at  this  stage  in  their  careers  are  normally 
and  rightly  anxious  to  get  to  grips  with  a  real  job  and  to  prove 
themselves. 

It  is  surely  better  from  the  point  of  view  both  of  the  young 
man  himself  and  of  the  company  that  employs  him  that  he  should 
be  given  some  responsibility  as  soon  as  possible,  even  though  this 
«ihould  be  limited,  at  tirst,  to  looking  after  one  development  end. 
As  his  capacity  increases  so  he  can  learn  how  to  organize,  on 
however  small  a  scale  ;  how  to  see  a  job  through,  however  dull 
it  may  appear  ;  how  to  improvise  in  an  emergency  when  he  has  to  ; 
and  how  to  clean  up  a  mess  when  necessary.  Above  all,  he  is 
learning  all  the  time  how  to  work  in  with  his  fellow  men  be  they 
his  superiors  or  subordinates. 

In  this  way  the  young  engineer  feels  that  he  is,  to  some  extent 
at  least,  earning  his  pay  and  that  he  is  a  part  of  a  necessary 
interesting  and  active  operation  in  which  he  is  using  his  abilities 
and  training  to  the  best  advantage.  The  management,  on  the 
other  hand,  has  the  opportunity  «>f  seeing  how  he  tackles  a  job  and 
of  estimating  the  particular  line  that  appears  most  suitable  for  his 
future  t^mploynient . 

There  are  many  purely  routine  jobs  on  a  mine  such  as  surveying. 
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lampling,  ventilation  measurements  and  so  on,  which  are  often 
regarded  as  the  legitimate  field  for  the  employment  of  young 
dngineers.  Although  this  type  of  work  can,  of  course,  be  performed 
adequately  by  a  trained  mining  engineer,  it  is  not  wise  to  keep  such 
a  man  on  it  for  more  than  a  short  time.  He  is  bound  to  become 
dissatisfied  and  will  eventually  seek  other  employment  if  he  is 
not  given  a  wider  scope.  One  way  out  of  this  difficulty  is  to  train 
a  group  of  surveyors  or  samplers  and  measurers  specifically  for 
these  routine  jobs,  and  thus  avoid  having  to  employ  engineers  on 
them  at  all.  These  men  are  often  workmen's  sons  who  are  suffi- 
ciently intelligent  to  profit  by  a  limited  specialized  training  in  local 
technical  schools,  and  are  content  to  carry  out  routine  jobs 
indefinitely. 

Turning  now  to  the  elementary  practical  experience  which  a 
young  engineer  should  certainly  possess,  I  suggest  that  this  should 
be  gained  before  he  graduates,  either  during  his  vacations  as  is  the 
custom  at  the  Royal  School  of  Mines  and  elsewhere,  or  even  between 
his  school  and  college  periods.  This  phase  should  be  well  organized 
to  ensure  that  a  lad  does  have  the  opportunity  of  learning  how 
actually  to  carry  out  the  various  tasks  in  a  mine,  and,  since  there 
are  few  active  metal  mines  in  the  U.K.,  this  entails  the  arranging 
of  visits  to  mines  in  Europe,  Africa  or  N.  America.  Mining  com- 
panies can  (and  many  do)  perform  a  useful  service  here  by  offering 
students  accommodation ;  paying  their  passages  or  possibly 
paying  them  labourers'  wages  whilst  working.  In  this  way  the 
mine  staff  can  get  a  pre- view  of  next  year's  crop  of  graduates,  whilst 
the  students  have  the  chance  of  comparing  conditions  in  different 
mines. 

It  is  for  consideration  whether  the  system  current  in  most 
Universities  at  present,  in  which  examinations  take  place  in 
June  each  year,  is  the  best.  It  means  that  only  three  months  of 
the  summer  are  available  for  practical  work,  which  is  scarcely 
enough  if  students  have  far  to  go  to  reach  the  mine  in  which  they 
are  to  work.  The  so-called  *  sandwich  *  system  in  use  for  the 
last  80  years  in  Glasgow  University  and  elsewhere,  in  which 
lectures  and  academic  work  are  limited  to  the  period  October- 
March,  leaving  six  consecutive  months  available  for  practical 
work  every  year,  has  many  good  points,  and  might  well  be  dis- 
cussed by  a  joint  committee  of  the  various  schools  and  Universities 
concerned. 

One  of  the  main  difficulties  in  the  wav  of  anv  condensation  of 
courses  is  the  tendency  to  cram  ever  more  subjects  into  the 
curriculum  as  new  developments  occur  in  the  industry  ;  and  the 
consequent  readjustment  of  the  time  that  can  bo  allotted  to  any 
one  subject  must  be  continuously  under  review  by  the  Boards  of 
Studies  of  mining  colleges.  For  instance  the  courses  in  assaying 
and  surveying  at  the  Royal  School  of  Mines  are  rightly  regarded  as 
being  exceptionally  detailed  and  thorough,  and  young  graduates 
can  be  considered  as  fully  qualified  to  carry  out  routine  assaying 
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and  survejung  competently  in  their  first  jobs.  If,  however,  th» 
number  of  yonng  engineers  who  start  as  assayers  or  surveyorB  it 
now  very  much  less  than  it  used  to  be  thirty  years  ago,  and  if  thii 
number  is  likely  to  be  still  further  reduced  by  reason  of  the  emploj- 
ment  of  men  who  are  permanently  limited  to  assaying  or  surveying, 
then  it  might  be  found  possible  to  condense  the  courses  on  ihm 
subjects  and  to  use  the  time  thus  gained  for  some  potentially  mor^ 
useful  subject. 

Finally,  I  would  urge  that  the  Institution  should  take  a  lead  in 
reconciling  the  demands  of  the  industry  as  regards  the  most 
desired  qualifications  in  young  mining  engineers  with  the  mining 
schools'  practical  difficulties  in  arranging  curricula  to  suit. 

Mr.  A.  L.  Austen :  Professor  Eitson's  excellent  summaiyr 
particularly  of  postgraduate  training,  is  very  timely.  On  many 
mines  harassed,  overworked  senior  officials,  short  of  staff,  do  tend 
to  keep  young  mining  graduates  for  years  on  specialized  production 
work,  yielding  the  long-term  advantages  to  be  gained  from  post- 
graduate training  to  the  necessities  of  the  moment. 

It  is  gratifying  to  see  *  labour  relations  *  stressed  as  of  greai 
importance.  Management  has  been  described  as  securing  the 
whole-hearted  and  intelligent  co-operation  of  the  managed  in  the 
fulfilment  of  a  given  purpose.  Although  labour  relations  cannot 
be  taught  in  a  school,  the  student  should  at  least  be  informed  of 
the  overriding  importance  of  the  subject.  The  advancing  mechan- 
ization of  mines  will  not  change  this  fact.  In  any  case,  the  Common- 
wealth contains  numerous  mine-fields  worked  bv  native  races  in 
which  a  great  part  of  a  supervisor's  time  is  spent  in  administering 
labour. 

The  student  should  also  be  at  least  grounded  in  a  few  of  the 
basic  precc^pts  of  (»nlightened  labour  relations  by  h?mg  required 
to  read  some  good  book  on  the  subject,  such  as  Lee  H.  Hill'* 
Patieni  jnr  (jood  labour  rchitioiis.  These  precepts,  he  should  be 
told,  apply  to  whitt^  and  coloured  labour  alike. 

If  this  wen^  done,  the  fact  that  he  would  find  them  largely 
disregarded  by  mining  companies  might  have  less  intiuence  on  him 
at  an  impressionable  age. 
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The  First  Ordinary  General  Meeting  of  the  Fifty-Ninth  Session  of  the 
Institution  of  Mining  and  Metallurgy  will  be  held,  by  kind  permission, 
in  the  Apartments  of  the  Geological  Society  of  London,  Burlington  House, 
Piccadilly,  London,  W.l,  on  Thursday,  20th  October,  1949,  at  5  p.m. 

The  following  papers  (published  in  the  September  issue  of  the  BulUtin) 
will  be  submitted  for  discussion  :  The  use  op  the  wet  kata  ther- 
mometer ON  THE  witwatersrand,  by  Mr.  P.  H.  Kitto  ;  and  Investi- 
gations on  THE  PRODUCTION  OF  ELECTROLYTIC  COBALT  FROM  A  COPPER- 
COBALT  FLOTATION  CONCENTRATE,  by  Messrs.  H.  L.  Talbot  and  H.  N. 
Hepker. 

Light  refreshments  will  be  provided  at  4.80  p.m.  for  members  and 
Tisitors  attending  the  Meeting. 

The  Council  invite  written  contributions  to  the  discussion  of  papers 
from  members  who  may  be  unable  to  be  present  at  the  Meetings  of  the 
Institution.  The  Council  reserve  the  right  to  edit  and  condense  such 
contributions. 
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AUSTRALIAN  METALLURGY 

A  series  of  four  lectures  on  *  Metal- 
lurgical Activities  in  Australia  *  will 
be  delivered  in  the  Metallurgy 
Theatre  at  the  Royal  School  of 
Mines  by  Professor  J.  Neill  Green- 
wood, D.Sc.,  M.Met.E.,  Research 
Professor  of  Metallurgy  at  Melbourne 
University,  on  the  dates  shown 
below.  Each  lecture  will  begin  at 
5  p.m.,  and  the  Chair  at  the  first 
lecture  will  be  taken  by  the  Presi- 
dent of  the  Institution,  Mr.  W.  A.  C. 
Newman,  O.B.E.  A  cordial  invita- 
tion to  attend  these  lectures  is 
extended  to  members  of  the  Insti- 
tution. The  dates  and  subjects  of 
•the  lectures  are  as  follows  : 

Thursday,    3rd   November,    1949: 

*  Historical  survey  of  the  develop- 
ment of  metallurgical  industries  m 
Australia  *. 

Friday,   4th  November,   1949: 
'  Metallurgy  in  Queenslcuid  '. 

Tuesday,    8th    November,    1949: 

*  The  lead-zinc  industry  *. 

Wednesday,  9th  November,  1949: 

*  The  iron  and  steel  industry  *. 

MEETINGS  IN  THE  SESSION 
1949-1950 

General  Meetings  of  the  Institu- 
tion during  the  Fifty-Ninth  Session 
will  be  held  on  the  third  Thursday 
in  each  month  from  October,  1949, 
to   June,    1950.    The   dates   of  the 
Meetings  are  as  follows  : 
20th  October,  1949 
17th  November,  1949 
15th  December,  1949 
19th  January,  1950 
16th  February,  1950 
16th  March,  1950 
20th  April,  1950 
18th  May,  1950 
15th  June,  1950 

PAPERS   FOR   DISCUSSION   AT 

SUBSEQUENT  GENERAL 

MEETINGS 

The  following  programme  of 
papers  has  been  arranged  for  the 
November,  December  and  Janucuy 
General  Meetings  : 

November  :  *  Factors  affecting  the 
rate  of  formation  of  zinc  ferrite  from 


zinc  oxide  and  ferric  oxide ',  by 
D.  W.  Hopkins,  M.So.,  A.I.M.  (pub- 
lished in  this  issue  of  the  BuUeiin) ; 
*  Some  notes  on  a  mechanical  con- 
centrator*, by  T.  Haden,  AssociaU 
Member ;  and  *  Gold  concentration 
at  the  Amalgamated  Banket  Areas 
reduction  plant  *,  by  O.  Chad  Norris» 
Member, 

December :  '  Management  in  in- 
dustry ',  by  F.  G.  HiU,  B.Sc.  (Min.), 
B.A.,  Member  (Presidential  Address 
to  the  Chemical,  Metallurgical  and 
Mining  Society  of  South  Africa,  and 
republished  in  the  July,  1949,  issue 
of  the  Bulletin). 

January  :  *  An  outline  of  under- 
ground operations  at  Mufulira 
Copper  Mines,  Ltd.  ',  by  J.  P.  Norrie 
and  W.  T.  Pettijohn. 

MEMBERS  FROM  ABROAD 

The  Council  are  always  anxioiis 
to  meet  members  who  come  to 
England  after  a  long  absence  abroad, 
and  ask  such  members  to  make 
themselves  known  to  the  Secretary 
when  attending  General  Meetings 
of  the  Institution  at  Burlington 
House. 

ELECTION  OF  MEMBERS  OF 
COUNCIL  FOR  THE  SESSION 
19.50-51 

As  previously  announced,  the  new 
Bye-laws  governing  the  constitution 
of  the  Council  and  its  mode  of 
election  will  affect  nominations  for 
the  election  of  Council  for  the  session 
1950-51.  Nominations  for  the  elec- 
tion of  Ordinary  Members  of  Council 
[see  Bye-law  27  (iv)]  and  Overseas 
Members  of  Council  [see  Bye- law  28 
(iii)]  should  be  sent  to  the  Secretary 
of  the  Institution  to  ro€ich  him  not 
later  than  Ist  November,  1949. 

ERRATUM 

It  is  regretted  that  the  name  of 
Mr.  W.  J.  Albomo,  who  recently 
applied  for  transfer  from  Associate 
Membership  to  Membership  of  the 
Institution,  was  inadvertently 
printed  in  the  August  issue  under 
the  list  of  candidates  for  transfer  to 
Associate  Membership. 
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M.  (OLD  STUDENTS) 
X^IATION 

le  Annual  Dinner  of  the  Royal 
ol  of  Mines  Afisooiation  will  be 
at  the  Charing  Cross  Hotel  on 
Bclay,  8th  December,  at  6.30  for 
p.m.  Tickets,  price  one  guinea, 
be  obtained  from  the  Hon. 
Jtary,  Dr.  J.  H.  Watson,  Royal 
,  London,  E.C.3. 

1  NUFFIELD  FOUNDATION: 
LOWSHIPS  AND  SCHOLAR. 
?S  FOR  THE  ADVANCE- 
iT  OF  EXTRACTION  METAL- 
GY 

iring  the  year  1950  the  Nuffield 
idation  is  again  offering  a 
ed  number  of  fellowships  and 
arships  with  the  object  of 
ncing  research  and  training  in 
bction  metallurgy.  Citizens  of 
t  Britain,  the  Commonwealth, 
Bmpire  are  eligible  to  apply. 
iveUing  Fellowships  are  open  to 
who  are  members  of  the  teach- 

stafif      of     Universities      and 
3ved    Schools    of    Mines    and 
Uurgy. 
jvelling    Postgraduate    Scholar- 

are  offered  to  junior  members 
e  profession  who  are  graduates 
liversities  and  approved  Schools 
nes  and  Metallurgy. 
ceUion  Scholarships  are  offered 
ning  and  metallurgical  students 
liversities  and  approved  Schools 
nes  and  Metallurgy, 
plications  for  fellowships  and 
Eirships  to  be  taken  up  in  1950 

be  received  before  1st  Novem- 
1949,  by  the  Secretary,  Nuffield 
dation,  12  and  13,  Mecklen- 
I  Square,  London,  W.C.I,  from 
1  full  particulars  and  appli- 
1  forms  can  also  be  obtained. 

-BY  MEMORIAL  AWARDS 
isideration  is  to  be  given  to  the 
ig  of  an  award  or  awards  from 
Sir  George  Beilby  Memorial 
early  in  1950,  and  the  adminis- 
7S  (representing  The  Royal 
ute  of  Chemistry,  The  Society 
hemical  Industry,  and  The 
ut«  of  Metals)  will  welcome 
nation  before  3l8t  December, 
to  assist  them  in  their  selection, 
ards  are  made  to  British  in> 
^tors  in  science  to  mark  appre> 


ciation  of  records  of  distinguished 
work.  Preference  is  given  to  investi- 
gations relating  to  the  special 
interests  of  Sir  George  Beilby, 
including  problems  connected  with 
fuel  economy,  chemical  engineering 
and  metallurgy,  and  awards  are 
made  not  on  the  result  of  emy  com- 
petition but  in  recognition  of  con- 
tinuous work  of  exceptional  merit, 
bearing  evidence  of  distinct  advance- 
ment in  science  and  practice.  In 
general,  awards  are  not  applicable 
to  workers  of  established  repute,  but 
are  granted  as  an  encoiu^gement  to 
younger  men  who  have  done  original 
independent  work  of  exceptional 
merit  over  a  period  of  years. 

In  recent  years  the  amount  of 
e£u;h  award  has  commonly  been 
100  guineas. 

Communications  drawing  the  at- 
tention of  the  administrators  to 
outstanding  work  of  the  nature 
indicated  should  be  addressed  to  the 
Convenor,  Sir  George  Beilby  Memor- 
ial Fund,  Royal  Institute  of  Chemis- 
try, 30,  Russell  Square,  London, 
W.C.I. 

CANDIDATES  FOR  ADMISSION 

The  Council  welcome  communications  to 
amist  them  in  deciding  whether  the  qualifi- 
cations of  candidates  for  admission  into  Uie 
Institution  fulfil  the  requirements  of  the  Bje- 
laws.  The  application  fonns  of  candidates  (otbn: 
than  those  for  Studentship)  wiU  be  open  for 
inspection  at  the  office  of  the  Institution  for  a 
period  of  at  least  two  months  from  the  date  of 
the  BuBelin  in  which  their  applications  are 
announced. 

The   following   have   applied   for 

transfer  since  8th  September,  1949  : 
To  Membebship — 

Kenneth  Christopher  Griffith  Heath 
(London), 

Harry  MacConeuihie  {Johannesburg, 
TransvcuU). 

Wilton  Merle  McKeown  {Shinyanga, 
Tanganyika  Territory), 

Hugh  George  McKerrow  (Johannes- 
burg, Transvaal), 

William  Arthur  Odgers  (Johannes- 
burg, Transvaal). 

James  Haworth  Taylor  (Johannes- 
burg, Transvaal). 

John  Wood  Thorbum  (Mount  Isa, 
Queensland,  Australia), 

To  Associate  MESfBEBSHip — 
David     Jenner     Hogg     (Que     Que, 

Southern  Rhodesia), 
Ronald  Charles  Aver  Hooper  (Truro, 

ComuxM). 


George  Alfred  Rentoul  Macllbatton 

(Getto,  Tanganyiku  Terrilory). 
Kennetb  Leslie  FeUer  (UctU,  York. 

3hire). 

The  following  have  applied  for 
•dmisaion  tunce  8th  September. 
1949: 

To  MEMBEnSKIP 

Frank  Kundle  Bogge  (Sj/dnei/,  Awt- 

Godrrey    BtmarJ    O'Malley    (Mtl- 
boumt,  Aiutratia). 
To  AsBociATE  Membership — 
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Charles  Vivian  Hickson  (WtHclig- 
on-S'a,  Eegex). 

Percy  Charles  Lookyer  {H.Q.  Mili- 
tary Otniemmetit,  Otrmany). 

John  Thomas  Pilgrim  (ObuiMt.  Gold 
Coaal  Colony). 

James  Arthur  Sadler  lOeila,  Tangan- 
yUa  Territory). 

To  Studbntship — 
Patrick    Denia    Coakley    {ChcUlHan 


NEWS    OF    MEMBERS 

MenAera,  Associate  Membtra,  AfflUattt,  and  StuderUa  art  invited  A 

iKe  Seerelary  toith  ptraonai  news  for  publicalion  under  thia  heading 


supply 


Hf.  D.  F.  Fubbajsn,  Aaaociali 
Member,  has  accepted  an  appoinl- 
ment  00  the  Ruhuhu  ooalfialdo, 
Tanganyika  Territory. 

Mr.  R.  Goldsmith,  Student,  bat 
left  England  to  join  Amalgamated 
Banket  Areas,  Ltd.,  XarkwB,  Gold 
Coast  Colony. 

Mr.  V.  W.  Hali,  Student  bM 
token  up  an  appointmoit  vith 
Rhokona  Corporation,  Ltd.,  North. 
em  Rhodesia. 

Mr.  Alan  C.  Harrison,  Membtr, 
has  resigned  from  the  Burma 
Corporation,  Ltd.,  and  in  manager 
of  the  fluonipar  mill  now  being 
erected  at  Neuthead,  Cumberland, 
by  Anglo-Auatral  Mines,  Ltd. 

Mr.  H.  C.  Herbert.  Aaaocialt 
Member,  is  shortly  leaving  India  on 
his  return  to  England. 

Mr.  H.  HocKiNO,  ABBociale  Mem- 
ber, has  relinquished  his  post  with 
The  Pahang  Consolidated  Co.,  Ltd.. 
and  will  shortly  arrive  in  England- 
Mr.  D.  A.  S.  HoLDtKo,  Aaaooiale 
Mernber,  has  returned  to  England  on 
leave  from  India. 

Mr.  J.  L.  U0FEIN8,  Student,  has 
left  England  to  take  up  a  position  in 
Southern  Rhodeeia. 

Mr.  E.  B.  J&quES,  Aaaociale 
Member,  has  returned  to  the  Geo- 
logical Survey,  Nigeria. 

Mr.  F.  L.  Jameson,  Aaaociale 
MenAer,  has  recently  left  the  South. 
Mr.  n.  Fahmv.  Student,  has  bury  Smelting  Works,  Ltd.,  to  «et 
arrived  in  England  to  take  a  course  up  on  his  own  account  as  a  metal- 
at  Birmingham  University.  lurgioal  chemist  and  aasayer. 


Mr.  D.  J.  Adahs,  Student,  has  left 
England    and    has    taken    up    an 

appointment  in  British  Columbia. 

Mr.  C.  T.  BuOEWELL,  Atiociate 
Member,  has  been  transferred  to  the 
Union  platinum  mine  at  Rustenberg, 
Transvaal,  as  manager. 

Mr.  R.  L.  Bi.Ain>r,  Student,  has 
left  England  to  join  the  staff  of 
Rhokana  Corporation,  Ltd.,  North- 
em  Rhodeeia. 

Mr.  A.  W.  Boustred,  Aatociate 
Mtmber,  is  returning  to  the  Gold 
Coast  as  assistant  manager  to 
Taquob  and  Abosao  Mines,  Ltd. 

Mr.  E.  J.  D.  Brown,  Aaaociate 
Member,  has  left  England  to  take  up 
an  appointment  with  the  Cyprus 
Mines  Corporation. 

Dr.  D.  J.  BvRDON,  Aaaociate 
Member,  has  gone  to  Nicosia, 
Cyprus,  to  join  the  Water  Supply 
and  Irrigation  Department. 

Mr.  S.  B,  C.  Edwards,  Aaaociate 
Member,  has  joined  the  staff  of 
the  Kaduiia  Syndicate,  Northern 
Nigeria. 

Mr.  L.  T.  Evans,  Sludenl,  has  lefl 
England  to  take  up  employment 
with  Mines  Development  Syndicate 
(West      Africa),      Ltd.,      Southern 

Mr.  W.  E.  Evans,  Aatociate 
Manber,  is  shortly  leaving  the  Gold 
Coast  to  return  to  United  Kingdi 
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G.  R.  JoNBS,  Aewciaie 
if,  has  left  England  for  British 
h  on  a  six  months'  visit. 
N.  R.  JuNNEB,  0,B,E.,  M.C., 
ir,  is  away  from  England  until 
d  of  next  month  on  a  visit  to 

R.  KuTTNUB,  AssocieUe  Mem- 
IS  left  Johannesburg  to  join 
i£f  of  De  Beers  at  Kimberley. 

R.  Landcastle,  AaaocicUe 
ir,  has  left  Tanganyika  for  six 
s'  leave  in  England. 
G.  F.  Laycock,  M.C,  Mem- 
as  left  England  for  a  short 
x>   Australia  and   expects   to 

at  the  end  of  November. 
E.  Lee,  Aasociate  Member,  has 
jypt  for  South  Africa. 
K.  Lehman,  AsaocicUe  Mem- 
ill   be   returning   early   next 

to  Australia  on  leave  from 

A.  W.  Lehmann,  Member, 
for  Chile  early  this  month, 
isiting  England. 
J.  McNeill,  Associa^  Mem- 
now  in  Uganda  in  the  position 
sector  of  Mines,  Tanganyika. 

D.  A.  O.  Morgan,  Student, 
'rived  at  Johannesburg  from 
id. 

Humphrey     M.     Moroans, 
ir,  has  returned  to  Engl£uid 
,  visit  to  Peru. 
H.  D.  Osborne,  Student,  has 

the    staff   of   Ariston    Gold 
(1929),  Ltd.,  at  Prestea,  Gold 

J.  W.  Park,  Member,  has  left 
Africa  and  is  now  in  Ireland. 
T.  I.  PiNER,  Student,  has  left 
id  to  take  up  a  post  with 
Ml  Tin  Dredging,  Ltd.,  Perak. 

E.  A.  B.  ftiiOR,  Member,  is 
Ing  to  Southern  Rhodesia 
k  visit  to  England. 

)K    REVIEW 

ctraction  for  the  small  operator, 
ed.  London  :  Imperial  Chemi- 
industries,  Ltd.  103  p. 

;  is  the  second  edition  of  a 
volume  intended  to  help  men 
«d  in  gold  extraction  on  a 
scale  mainly  by  the  cyanide 

3. 

lort  history  of  the  process  is 
first  and  is  followed  by  a 
L  containing  very  brief  details 


Mr.  R.  F.  V.  Rbad,  Student,  has 
joined  the  staff  of  Noranda  Mines, 
Ltd.,  Quebec. 

Mr.  C.  RktnoIiDS,  AMooiate  Mem- 
ber, has  left  England  for  Malaya,  on 
accepting  an  appointment  wit^  The 
Pahang  Consolidated  Co.,  Ltd. 

Prof.  J.  A.  8.  RiTSON,  O.B,E,, 
D,S.O.,  M.C,  Member,  has  returned 
to  England  firom  his  visit  to  Northern 
Rhodesia. 

Mr.  Stanley  Robson,  Member, 
who  is  at  present  on  a  short  visit  to 
Australia,  has  been  elected  President 
of  the  Society  of  Chemical  Industry. 

Mr.  J.  L.  Shearer,  Student,  has 
arrived  in  South  Africa  from 
England. 

Mr.  T.  F.  B.  Spencer,  AesocicUe 
Member,  has  joined  the  staff  of  the 
Cam  and  Motor  Mines,  Ltd.,  Gat- 
ooma.  Southern  Rhodesia. 

Mr.  A.  Taylor,  Student,  has 
arrived  in  England  from  South 
Africa. 

Mr.  R.  Teale,  Student,  is  on  his 
way  to  England  from  Northern 
Rhodesia. 

Mr.  J.  B.  ToBfS,  Aasociate  Member, 
has  left  England  for  Cyprus. 

Mr.  P.  F.  Whelan,  Member,  has 
left  the  service  of  the  Imperial 
Smelting  Corporation  and  has 
accepted  an  appointment  as  Head 
of  Coal  Preparation  Research  for  the 
National  Coal  Board. 

Mr.  F.  T.  M.  White,  Member,  has 
returned  to  England  from  Malaya. 

ADDRESSES  WANTED 

D.  S.  Broadhurst.  R.  B.  Hicks. 
J.  A.  Cocking.  G.  C.  Morgan. 
N.  F.  Cox.  A.  I.  Scott. 

E.  Dickson.  A.  Sloss. 


of  the  principal  rock  formations  in 
which  gold  appears.  Succeeding 
sections  deal  in  turn  with  crushing 
and  grinding,  amalgamation,  use  of 
strakes,  refining  of  bullion,  leaching 
with  cyanide  solutions,  testing  of 
such  solutions,  precipitation,  filling 
and  dressing  of  zinc  boxes,  clean-up, 
acid  treatment,  and  smelting  of  the 
precipitate. 

Two  chapters  are  then  devoted  to 
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conoentrtttion  and  flotatiou  and  to 

the  special  methoda  needed  for  the 

treatment  of  difficult  ores  luch  as 

those,     among    othera,     containing     points  are  stressed. 

pyrite,  pyrrhotite,  Msenopyrite,  stib-         The  book   is  very  short  and  ao 

nite,  lead  and  copper  minerals  and     oontaina  but  the  bnef^t  outlines  of 


graphite.    The   final   chapters   deal  the  various  stagai  in  gold  a: 

with   safety   measuree   ro   handling  Nevortholesa  it  is  both  readable  and 

cyamda,    cwivereion     tables,     tank  knowledgeable.    It   can    be    recom- 

capacities  and  other  useful  data  and  mended  aa  a  potted  guide, 
the  chemical  and  physical  properties 

n  minerals.  W.  A-  C.  Newiuk. 
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Henkt  Edwards  died  suddenly  at  Wantage,  Berkahire,  on  IBth 
September,  1940,  at  the  age  of  76.  After  completing  his  education  in  ISSS 
he  studied  mining  and  mechanical  engineering  under  his  father,  who  wm 
then  manager  of  coal,  shale  and  gold  mines  in  New  South  Wales  and 
Western  Australia.  He  received  an  appointment  wiUi  Mr.  R.  O.  Oibboni, 
of  Sydney,  in  1 S96,  for  four  years  travelling  in  New  South  Wales  prospecting 
and  <lt.'\eliipiii^  pn>{>iT!ii.'!4  uiiil  llieii  Tm-  t^TO  years  managing  gold,  silver 
and  bisniulh  prupertiee.  From  1903  to  1904  he  was  mining  engineer  at  the 
Empire  Miuee,  North  Queensland,  and  then  left  to  take  up  the  position  of 
millman  to  the  Ashaiiti  Gold  Corpuratiuii.  West  AMca.  In  1906  he  was 
engaged  by  the  Cia  Mineria  del  Neuquen,  Argentine,  and  from  1903  to 
1912  held  the  position  of  engineer  and  manager  to  La  Concordia  group  of 
mines  in  Colombia,  and  during  the  same  period  was  consulting  engineer  to 
La  Socorro  Mining  Co.,  and  El  Transvaal  Mining  Co. 

Mr.  Edwards  then  set  up  in  practioL'  in  London  as  consulting  mining 
engineer  to  \'arious  companiea,  rhicHy  f'-T  developing  gold  and  platinum 
fields.  He  also  reiiorteci  iin  pnjper! ios  i[i  dilferent  parts  of  the  world  until 
1916,  when  he  joined  the  Cape  Copper  Co.,  Ltd.,  for  epeoial  work  in  India, 
A  year  later  he  was  appointed  general  manager  of  the  Briton  Ferry  copper 
works  of  that  Company  in  South  Waits,  From  m21  until  his  retirement 
Mr,  Edwards  practised  as  a  consultant. 

He  was  elected  to  Associateship  of  the  Institution  in  1907  and  was 
transferred  to  Membership  in  1918. 

RrssEiJ:  Johnston  Parker  was  among  those  killed  in  a  Canadian  air 
crash  on  Dth  September,  1949,  forty  miles  from  Quebec.  He  was  52  years 
of  age.  He  received  his  professional  training  at  the  Colorado  School  of 
Mines,  and  on  graduating  E.M.  in  1919  joined  the  SociSt^  Internationale 
Forestiire  et  Minifire  da  Congo.  He  began  prospecting  for  and  developing 
alluvial  diamond  deposits  and  then  worked  in  the  technical  office  for  field 
hectdquarters,  before  being  placed  in  charge  of  the  Muaba  mine.  He  was 
then  appointed  acting  head  of  (he  research  department,  to  which  position 
he  returned  after  a  period  as  manager  of  the  SociSt6  Minifere  du  Luebo.  He 
came  to  the  London  ofdco  of  Selection  Trust.  Ltd.,  for  six  months  in  1925 
before  going  to  Northern  Rhodesia  to  enamine  their  properties,  including 
Roan  Aiitelope,  ami  in  August,  1926,  was  appointed  manager  of  Mineralise 
Ventures,  which  later  became  Khodeeian  Selection  Trust,  Ltd,  During  the 
five  years  Mr,  Parker  held  this  position  he  carried  out  a  geological  survey 
of  the  Nkana  concession  and  the  preliminary  development  of  the  Mufulira 
mine  until  a  separate  company  was  formed  in  193U,  His  work  also  included 
development  of  Chambishi  and  Baluba  mines.  At  the  beginning  of  1931 
Mr.  Parker  returned  to  London  as  assistant  to  the  managing  director  of 
Roan  Antelope  Copper  Mines.  Ltd.,  Mufulira  Copper  Mines,  Ltd.,  and 
Rhodeeian  Selection  Trust,  Ltd. 
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In  1042  he  took  up  the  appointment  of  assiBtant  to  the  Preeident  of  the 
Kennecott  Copper  Corporation,  Inc.,  in  New  York,  and  in  1948  became 
vice-president  of  the  Corporation  and  president  of  its  subsidicury,  the 
Quebec  Iron  and  Titanium  Company. 

Mr.  Parker  was  elected  to  Membership  of  the  Institution  in  1933  and 
served  as  Member  of  Council  from  1938  to  1941,  as  Vice-President  from 
1941  to  1944,  and  imtil  1948  had  been  Member  of  Council  for  the  U.S.A. 
With  Mr.  Anton  Gray  he  contributed  a  paper  to  the  Tranaactiona  of  the 
Institution  entitled  *  Prospecting  and  geological  survey  of  the  Nkana 
concession.  Northern  Rhodesia :  1927-1929  *  (vol.  45,  193&-36).  He  was 
a  member  of  the  American  Institute  of  Mining  and  Metallurgical  Engineers. 
He  was  in  1948  presented  with  the  Medal  of  Merit  of  the  Colorado  School  of 
Mines  for  achievements  in  the  discovery  and  development  of  new  orebodies. 

Arthur  Ditchfield  Storke,  C.M.G.,  was  killed  on  9th  September,  1949, 
at  the  age  of  54,  in  the  scune  air  crash  near  Quebec  in  which  Mr.  R.  J. 
Parker  lost  his  life.  They  were  travelling  together  in  company  with  Mr. 
E.  T.  Stannard,  also  killed,  the  president  of  the  Kennecott  Copper  Cor- 
poration, which  position  Mr.  Storke  was  to  have  tckken  over  at  the  end  of 
the  year. 

Mr.  Storke  attended  the  Leland  Stanford  University,  California,  and 
Colorado  University  from  1912to  1915,  and  in  1916  was  appointed  engineer 
to  the  American  Metal  Co.,  Ltd.,  of  New  York.  He  joined  the  U.S.  Army 
and  served  in  France  from  1917  to  1918,  and  on  demobilization  returned  to 
Colorado  bs  manager  of  the  Michigan  Copper  Co.  For  five  years  subsequently 
he  practised  as  consulting  engineer  in  association  with  Mr.  Carl  O.  Lindberg 
in  Los  Angeles,  and  in  1926  rejoined  the  American  Metal  Co.,  Ltd.,  as 
manciger  of  the  Climax  mine  at  Climax,  Colorado,  and  meuiager  of  Cape 
Copper  Co.,  Ltd.,  Namaqualand,  South  Africa.  In  1929  Mr.  Storke  took  up 
the  appointment  of  London  manager  and  managing  director  of  Roan 
Antelope  Copper  Mines,  Ltd.,  Mufulira  Copper  Mines,  Ltd.,  and  Rhodeeian 
Selection  Trust,  Ltd.,  and  held  these  positions  for  eighteen  years.  He  was 
also  a  director  of  Trepca  Mines,  Ltd.,  from  1939  to  1944.  In  1947  he  beciune 
preeident  of  Climax  Molybdenum  Co.,  New  York,  and  had  resigned  on 
accepting  the  presidency  of  the  Kennecott  Copper  Corporation.  He  had 
also  for  many  years  been  chairman  of  the  management  conunittee  of  the 
Copper  Development  Association.  After  the  Japanese  surrender  in  1945, 
Mr.  Storke  reported  for  the  British  Government  on  the  mining  industry  of 
Malaya,  and  for  his  services  during  the  1939-45  war  was  awarded  the 
C.M.G. 

Mr.  Storke  was  elected  to  Membership  of  the  Institution  in  1932  and 
served  as  a  Member  of  Council  firom  1937  until  1940. 

R.  Arthur  Thomas,  0,b.e.,  died  on  30th  May,  1949,  at  Polstrong, 
Cornwall,  at  the  cige  of  82.  His  eaxly  career  after  graduating  from  the 
Camborne  School  of  Mines  was  spent  in  South  Africa,  where  from  1888  to 
1891  he  was  manager  of  City  and  Suburban  Gold  Mining  Co.,  Ltd., 
Johannesburg,  and  acted  as  consulting  engineer  to  several  small  compcmies. 
In  1891  he  returned  to  manage  lecKl  and  blende  mines  in  Wales  for  two 
years,  and  in  1893  beciune  manager  of  Dolcoath  Mines,  Ltd.,  Camborne, 
Cornwall.  He  was  appointed  to  the  board  and  later  beciune  managing 
director,  but  when  the  mine  had  to  close  down  during  the  depression  after 
the  1914-18  war  he  became  principal  of  the  Camborne  School  of  Mines. 
He  retired  in  1933  and  became  a  director  of  Jantar  (Cornwall),  Ltd.  He 
served  on  several  national  conunittees  set  up  to  enquire  into  various  aspects 
of  the  mining  industry  cuid  was  awarded  the  O.B.E.  in  1933.  He  was 
consulting  engineer  to  South  Crofty  for  some  years,  and  was  well  known 
in  Cornwall  for  his  long  service  on  the  Council  of  the  Cornish  Chamber  of 
Mines,  of  which  he  had  been  Chairman  since  1928. 
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He  PontribuWd  three  papora  Ui  the  TranmciionB  of  the  Iiislitutioii ; 
'  Causes  and  prnvention  of  minerB'  pbchiais  '  {written  jointly  vilh  Dr.  J.  S. 
HaJiianp)  (vol.  13,  1903-04) ;  '  On  crushing  and  concentration  at  DolooaCh 
mine,  Cornwall  '  (vol.  T,  lgSS-90)  i  and  '  Dust  in  the  air  and  gases  from 
exploflivea  in  a  Coroish  mine  (Dolcoatli),  and  the  etHcacy  of  methods  uf 
(loBlinB  with  them  '  (written  jointly  with  W.  P.  O.  Macquoon)  (vol.  13, 
1903-04). 

Mr.  Thomas  was  elected  to  Membership  of  the  Institution  in  1399,  and 
served  as  Meratjer  of  ConncU  for  the  three  aessions  1917-1920. 


The  Council  regret  to  announce  the  dekUi  of  Maukhjc  Fkrousson, 
3f ember,  on  14th  August,  1949;  and  Tbokab  Caxfbrlx  Scrutton, 
Membtr,  on  27th  8ept«ml>er,  1949. 


ADDITIONS  TO  JOINT  LIBRASY  OF  THE  INSTITUTION 
AND  THE  INSTITUTION  OF  MINING  ENGINEERS 

Boob  (nchnUng  voiki  murkad  ■)  nuT  tie  bonv 
LIbnilu,  4H,  &IWK11T  HooH,  londoa,  B.as. 

Books  and  Pamphlets ; 

HOWB,  James  Lewis,  and  Staff  of 

Baebb  k  Co.,  Ino.    BidlM^rapAy 

of  Hit  platinum  melaU  1918-1930. 


Government  Publlcatloiia : 

Fedekatioh    or    Maijiya.    Mikks 

Dbpt.  Annual  report  on  the  mining 
industry  for  the  ytar  194S,  by  A. 
Bean.  Kuala  T.mnpur  ;  Govt. 
Printer.  1949.  82  p.,  map.  talM. 
08.  lOd. 

India,  CniBr  Inhpbctob  or  Mimes. 
Annual  report  ,  .  .  for  the  year  end- 
ing SIM  December,  19iC.  Delhi  : 
Govt.  Press,  1949.  211  p..  mapx, 
diagrs,,  tabs.,  appendix.     8b.  6d. 

NoHTHERS  Rhodesia.  Water  De- 
velopment and  Irriqation  Dept. 

Annual  report  for  the  year  I94S. 
Luaaka;Govt.  Printer,  1940.  4  p., 
tab.     Is. 


Proceedings  and  Reports  : 
Americav  lusTrrrTE  of  Misiso  and 

M  ETAIiURQ  ICAI.ENOINEERS.riMn«- 
acliong,  uol.  175  :  fnatilute  of  Melala 
Division  1948.  N.Y.  :  The  Insti- 
tute, 1949.  924  p..  illus.,  diagra., 
tabs.,  biblioi. 

AuERicAN  Institute  of  Minino  asd 

METALUJBOICAI-ENOINBERS.rran*. 

actions,  vol.  17G :    Iron  and  SItel 


Ditfition  19iS.  N.Y.  :  The  Insti- 
tute, 1949.  552  p.,  iUus.,  diagra., 
tabs. 

AKKRIOAH  iNttTlTUTE  OF  HCNnia  AND 

Mbtaixttkoic  alEnqinebbs.  T'nuM- 
aeUont,  vol,  178 :  mining  geology 
1948.  N.Y.  :  The  Institute,  1949. 
556  p.,  UIus.,  maps,  diagrs.,  tabs., 
biblioB. 

iNSTITtlTION     OF    MBCHANICAL     En. 

oiNEBRS.  Proceedings  {vol.  IS?) 
War  Emergency  Issues,  25-36, 
1947  :  Proceedings  {vol.  158)  Janu- 
ary-December. 19 4S.  London  : 
The  Institution.  1949.  630  p., 
illus.,  tliagrs.,  tabs;  516  p.,  illus., 
diagrs..  tabs. 


Maps: 

Oap,  v>esl  of  fifth  meridian,  Alberla. 
Goologictd  auj^-ey,  map  978A. 
Scale:  1  in.  ^  I  ml.  Ottawa: 
Dept.  of  Mines  and  Resources, 
1949. 

Geological  map  of  the  MariUme  Pro- 
vinces (Ken/  Brunswict;  Nora 
Scotia,  an<i  Prince  Edu^ard  Island). 
Geological  survey,  map  910A. 
Scale  :  I  in.  =  12  ml.  Ottawa : 
Dep.  of  Mines  and  Resources,  1949. 

Piettrmaritiburg  and  environg.  Union 
of  South  Africa.  Dept.  of  Mines, 
Geological  Survey,  Map.  Pretoria. 
1948.    Scale  1  in.  =  0-789  ml. 
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Percentage  depletion  for  mining  (U.S.A.). 
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and  Bthel  M.  Tacker. — 17.^9.  Bur.  Min.  Inform. 
Ore.  7330,  Wash.,  D.C.,  May  1945,  27  p.,  tabs. 

847.840  Mining  law 

847.349(73) 
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Sedimentpetrogr^phische  Stadien  an  den 
kambro-siloriachen  Ablagerangen  des  Billin- 
gen.  (Sedimentary  petrographic  studies  on 
the  Gunbrian-Silorian  depoaita  at  Billinge, 
Sweden.)  W.  WetseL— Z.  Dtuitch.  Oeol.  QtM.^ 
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Pretoria,  1948,  84  p.,  biblio.  (Separate  map.) 
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65(711.151) 

McOonnell  creek  map-area,  CJaasiar  district, 
British  Oofaimbia.  G.  S.  Lord.— Conod.  Qtol. 
Surv.  Mem.  351,  Ottawa,  1948,  73  p.,  map, 
biblio.    25  cents. 

65(753.15) 

The  physical  features  of  Carroll  county  and 
Frederick  coontv.  (Maryland). — Maryland 
J>ep.  Otol.y  Baltunore,  1946,  313  p.,  illns., 
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55(753.17) 

The  physical  features  of  CTharles  county. 
(Marylsnd). — Maryland  Dep.  Oed.,  Baltimore, 
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Surv.  Prof.  Pap.  315,  Wash.,  D.G.,  1948, 183  p., 
iltos.,  maps,  tabs.,  diagrs.,  biblio.    |3.35. 
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Geology  of  the  Manzanita  and  North  Man- 
sano  mountains.  New  Mexico.  Parry  Reiohe. 
—BuU.  Geol.  Soe.  Amer.,  Baltimore,  Md.,  60, 
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exploration.  J.  J.  Jakodcy. — Min.  Engng.^ 
N.Y.,  1,  Sept.  1949,  Sect.  Trans.  (T.P.  3611  L.), 
336-30,  biblio.    75  cento. 

550.83 

Winter  operation  of  geophysical  equipment 
in  the  Rocky  mountain  area.  Hany  L. 
Thomaen  and  Gerald  A.  Burton. — Oeophytics^ 
Houston,  Tex.,  14,  Jan.  1949,  10-16,  diagrs. 

550.88(4) 

Geophysical  derelopmento  in  Europe  during 
the  war.  Baool  Vajk. — Oeophynet^  Houston, 
Tex.,  14,  April  1949,  101-8,  map,  bibUo. 

550.88  :  558.988 

Geophysics,  geology  and  oil  finding.  L.  L. 
Nettieton. — Oeophyeiee^  Houston,  Tex.,  14, 
July  1949,  378-89,  diagn. 

550.831 

An  inyestigation  of  the  i^iplicability  of 
grarimetric  and  magnetometric  methoda  of 
geophysical  proq>ecting.  (Inrestigations  over 
sulphide  bodies  at  Bast  Sulliran,  Quebec, 
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550.881 

Deriration  of  magnetic  and  gravitational 
quantities  by  surface  integration.  D.  C.  Skeeb 
and  R.  J.  Watson. — Oeophyeics,  Houston, 
Tex.,  14,  April  1949,  138-50,  diagrs. 

5C0.881 

Residual  gravity  in  theory  and  practice.  W. 
Raymond  Griffin. — OeophyHee,  Houston,  Tex., 
14,  Jan.  1949,  8»-56,  diagrs. 

550.831 :  553.543 

Correlation  of  gravity  observations  with  the 
geology  of  the  Coal  Creek  serpentine  mass, 
Blanco  and  Gilleq)ie  counties,  Tex.  Frederick 
Romberg  and  Viigil  B.  BMraoL—Oeophgeies, 
Houston,  Tex.,  14,  April  1949,  151-61,  map, 
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Factors  Affecting  the  Rate  of  Formation  of  Zinc 
Ferrite  from  Zinc   Oxide    and    Ferric   Oxide^ 
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A  paper  published  on  ISth  October,  1949,  by  the  InstittUion  of  Mining 
and  Metallurgy,  to  be  submitted  for  discussion  at  the  November 
General  Meeting. 

Synopsis 
The  factors  affecting  the  rate  of  formation  of  a  compound  or  compoimds 
between  zinc  oxide  and  ferric  oxide,  and  their  composition,  have  been  studied 
at  temperatures  between  600°C  and  1, 400^0,  by  heat  treatment  of  mixtures 
containing  between  5  per  cent  and  95  per  cent  zinc  oxide.  Quantitative 
assessment  has  been  made  possible  by  a  method  of  chemical  analysis 
designed  to  determine  the  state  of  the  two  oxides  in  all  raw  and  reacted 
mixtures.  It  has  been  foimd  that  the  rate  of  formation  of  the  only  com- 
pound conclusively  proved  to  exist — zinc  metaferrite  (ZnO.Fe|0,) — is 
highly  sensitive  to  temperatiire  and  profoimdly  affected  by  the  temperature 
of  preparation  of  the  ferric  oxide  used.  Ferric  oxide,  in  reaction  with  zinc 
oxide,  is  either  very  active  or  relatively  inert,  depending  on  whether  the 
temperatiire  of  preparation  is  below  or  above  678**C.  The  zinc  oxide-ferric 
oxide  ratio  has  practically  no  effect  on  the  rate  of  combination  when  ferric 
oxide  prepared  at  low  temperature  is  used  cuid  only  a  small  effect  when  the 
ferric  oxide  is  prepared  at  high  temperatiire.  The  low-temperat\ire  form  of 
ferric  oxide  is  rapidly  transformed  to  the  high-temperat\ire  form  when 
heated  at  over  678**C.  Zinc  metaferrite  is  formed  from  the  powdered 
oxides  at  temperatures  over  600**C  and  is  capable  of  dissolving  a  large 
amount  of  ferric  oxide  and  a  small  amount  of  zinc  oxide  above  1,300**C. 
The  appcurent  existence  of  compounds  with  more  zinc  oxide  than  the  meta- 
ferrite is  considered  to  be  due  to  the  difficulty  of  dissolving  the  free  zinc 
oxide  from  the  diffuse  and  enveloping  structiire  of  heat-treated  mixtures. 
This  is  especially  the  case  when  the  mixtures  contain  between  70  per  cent 
and  90  per  cent  zinc  oxide  and  are  heated  to  over  1200**C.  A  summaiy  of 
published  data  on  the  properties  of  zinc  metaferrite  is  given  and  its  effect 
on  the  stability  of  ferric  oxide  at  high  temperature  determined. 

Introduction 

Before  zinc  can  be  extracted  from  the  sulphide  minerals  wurtzite, 
sphalerite,  and  marmatite  (the  principal  constituents  of  a  zinc  blende 
flotation  concentrate),  it  is  necessary  to  convert  them  to  oxides, 
with  or  without  a  proportion  of  sulphate,  according  to  the  nature 
of  the  subsequent  operation.  This  has  to  be  done  because  zinc 
sulphide  is  not  reducible  by  carbon  and  neither  do  the  sulphide  and 
oxide  react,  as  in  the  case  of  copper  and  lead,  to  produce  metal. 

After  oxidation  the  zinc  oxide  and  sulphate  can  be  leached  out 
with  sulphuric  acid,  or  the  sulphur-free  oxide  can  be  reduced  with 
carbon,  in  the  form  of  coke  breeze  or  anthracite  duff,  at  about 
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nOO°C  to  produce  zinc.  Zinc  can  be  deposited  from  the  leach 
liquor  by  elect  rolyBis. 

Oxidation  is  carried  out  by  roaating  the  blende  concentrate  in 
air  to  temperatures  above  7(X)°C,  under  conditions  conducive  to 
the  prndtiolion  of  either  oxide  and  pulphate  or  oxide  alone.  For 
sulphiil.'  i.MiliHtji-i]  ritijcr  ,1  11-ni'Hhoff  ro^i^ier  or  Dip  '  flash  roast- 
ing '  process  may  be  used,  operating  with  a  high  S0|  content  in  the 
furnace  gases — either  at  a  low  temperature,  as  in  the  Herreshoff, 
or  ample  exposure  to  SO,  at  about  700° C  on  the  bottom  hearths 
of  the  flash-roasting  furnace.  Sulphur-free  oxide  may  be  produced 
from  either  of  these  furnaces  if  the  SO^  content  of  the  gases  i§  kept 
down  by  good  draughting,  and  the  speed  of  operation  maintained 
by  raising  the  Herreshoff  temperature  to  about  850°C.  The 
temperature  in  the  combustion  zone  of  the  flash  roaster  is  about 
960°C  at  all  times.  Completely-oxidized  material  is  also  prodnoed 
in  large  quantities  by  down-draught  sintering  on  Dwight-Lloyd 
machines  from  a  charge  consisting  of  about  five  parts  of  retam 
sinter  mixed  with  one  part  of  raw  blende.  The  rate  of  production 
is  high,  owing  to  the  intensity  of  combustion  in  the  ignited  mixture 
and  the  high  temperatures  reached  during  the  operation. 

The  flotation  concentrate  which  is  the  raw  material  for  all  these 
operations  contains  impuritifs,  llu-  iiatiiri-  of  which  will  depend  on 
its  origin.  The  principal  impurity  is  iron  sulphide,  either  as  the 
free  sulphide  (pynte)  or  in  solid  solution  with  zinc  sulphide  as 
marmatite — 2Zu8.FeS.  Lead  sulphide,  copper  sulphide,  and 
silica  are  also  present  in  smaller  amounts.  Table  I  indicates  the 
percentage  range  of  composition  which  may  be  expected. 

Tablk  I 

Concentrate          Zn          Fe          Cu  S  Pb  Cd  SiO, 

Mexican    6581        0-64         —  3256  —           ~  0-30 

AuBtralian    52-60        850        012  32-20  1-52  018  0-70 

Canadian 62-60        370        0-69  31-60  3-22  018  1-20 

Austrian   37-39      21-69        101  33-00  —           —  2-42 

During  the  roasting  or  sintering  operation  these  impurities  will 
react  with  each  other,  either  as  the  sulphides  to  form  low  melting- 
point  mixtures,  or  as  the  oxides  to  form  stable  compounds  which 
may  have  properties  other  than  those  desired  in  the  furnace 
product.  The  liquid  sulphides  will  delay  the  removal  of  sulphur 
and  obstruct  the  mechanism  of  the  furnace  by  the  formation  of 
agglomerates,  while  the  oxide  compounds  may  cause  some  of  the 
zinc  to  be  insoluble  in  the  leach  liquor  or  may  reduce  the  efficiency 
of  recovery  by  reduction  and  distillation. 

The  silica  present  is  too  small  in  amount  to  have  any  material 
influence  on  the  zinc  extraction  and  is  in  any  case  almost  invariably 
found  in  combination  with  the  lead  oxide  as  glassy  masses  or 
'  stringers '  in  the  roasted  material.  Cadmium,  lead,  and  copper 
oxides  do  not  form  solid  solutions  or  compounds  vith  zinc  oxide 
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under  these  conditions  but  ferric  oxide  is  capable  of  combining  with 
zinc  oxide  to  form  zinc  metaferrite  {ZnO.¥efi^)(^^  which  is 
[  insoluble  in  dilute  mineral  acid  and  is  suspected  of  having  an  adverse 
effect  on  the  recovery  of  zinc  by  distillation.  This  latter  efifect  is 
due  to  catalysis  of  carbon  monoxide  breakdown  to  carbon 
dioxide  and  carbon,  and  the  reoxidation  of  zinc  vapour  before 
condensation.  It  has  been  shown  also  that  the  amount  of  combined 
zinc  oxide  in  a  roasted  pyritic  blende  is  only  one-third  of  that 
obtained  when  the  same  amount  of  iron  is  present  as  marmatite<*>. 
Zinc  metaferrite  has  been  synthesized  by  heating  a  stoichiometric 
mixture  of  the  component  oxides  in  fused  boric  acidW,  extracted 
from  the  insoluble  residue  after  the  leaching  of  roasted  ferruginous 
blende<^'  *),  and  identified  with  the  naturally-occurring  mineral 
Franklinite  (Zn(Fe)0,Fe(Mn)203).  The  minimum  temperature  of 
formation  was  given  as  from  700*'-1200°C  by  early  workers,  but 
later  work  led  to  the  recognition  of  580°-600°C  as  the  most  probable 
minimum  for  formation  from  the  powdered  oxidesW.  X-ray 
examination  of  this  compound  showed  it  to  have  a  disordered  lattice, 
which  became  ordered  on  heating  to  700°C(*>.  The  existence  of 
this  disordered  compound  has  been  notedW  in  the  mixed  hydroxide 
precipitate  from  aqueous  solution,  but  the  same  hydroxides  did  not 
combine  below  600°C  when  dried  separately  before  heating,  nor  did 
the  precipitated  compound  become  ordered  below  700°C. 

Claims  have  been  made  for  the  existence  of  compounds  other  than 
the  metaferrite^^'  ••  ••  ^®),  but  the  data  are  scanty  and  contradictory. 
X-ray  analysis  is  complicated  by  the  similarity  between  the  spectra 
of  the  ferrites  and  magnetite,  which  is  certainly  formed  in  samples 
having  an  excess  of  ferric  oxide  when  heated  to  temperatures 
exceeding  1200°C.  No  account  seems  to  have  been  taken  of  the 
possibility  of  solid  solutions  being  formed  between  the  original 
oxides,  or  between  the  metaferrite  and  either  of  them.  A  con- 
sideration of  Table  II,  which  contains  analyses  of  the  compounds 
claimed  to  have  been  found,  will  explain  to  some  degree  the  ease 
with  which  figures  over  a  wide  range  may  approximate  to  simple 
molecular  ratios.  In  all  cases  the  metaferrite  was  found  with  the 
more  complex  compoimds. 


Table  II 

Ck)mpound 

Zinc  Oxide 

Ferric  Oxide 

Per  cent 

Per  cent 

2Zn0.3Fe,0, 

25-36 

74-64 

ZnO.Fe,0, 
4Zn0.3Fe,0, 

33-76 

66-24 

40-64 

59-46 

5Zn0.3Fe,0, 

2ZnO.Fe,0, 

8Zn0.3Fe,0, 

4608 

53*92 

50-47 

49-53 

57-56 

42-44 

aZnO-Fe^O, 

60-47 

39-53 

4ZiiO.Fe,0, 

6710 

32-90 

G)  See  bibliography  at  the  end  of  the  paper. 
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The  solubility  of  zinc  metaterrite  in  mineral  acids,  its  decomposi- 
tion by  heating  with  basic  oxides  or  carbon,  and  the  prevention  of 
ferrite  formation  when  roasting  blende,  were  investigated  at  tha 
same  time  as  the  possibility  of  complex  compound  formation. 
The  metaferrite  was  (ound  to  be  insoluble  in  the  common  mineral 
acids  of  strength  less  than  15  per  cent  by  weight  in  water  and  to  be 
decomposed  by  heating  with  lime  or  magnesia  at  about  TOO^CC'. 
Addition  of  these  bases  to  the  roasting  material  at  almost  the  end 
of  the  sulphur  elimination  period  resulted  in  the  formation  of 
calcium  and  magnesium  ferrites  and  left  the  zinc  oxide  in  the  frue 
state.  Whether  zinc  ferrite  was  more  or  leas  eaaily  reduced  tbao 
zinc  oxide  was  the  subject  of  contradictory  statements  until 
OldrightC*'  showed  that  zinc  metaferrite  dissociated  in  the  presence 
of  carbon  to  the  constituent  oxides  at  650°-70O°C.  The  ferric 
oxide  was  then  oompletely  leduoed  to  metal  before  redaction  of 
sine  oxide  began. 

The  problem  of  the  inaolnbility  of  zinc  metaferrite  in  dilute 
mineral  acids  was  oveioome  in  the  TaintonC^)  prooeas  by  separating 
the  compound  magnetically  from  the  zinc  oxide,  dissolving  it  in  the 
26  per  cent  snlphurio  acid  electrolyte  and  neutralizing  the  liquor 
with  the  non-magnetic  portion.  A  counter-oorrent  process  is  now 
in  general  use,  in  which  the  add  liquor,  produced  as  a  result  of 
solution  of  the  first-stage  residue  in  strong  electrolyte,  is  neutralized 
by  a  fresh  batch  of  calcine,  to  leave  further  residue  suitable  for 
solution  in  electrolyte. 

As  a  result  of  the  work  already  outlined  and  of  an  extensive 
programme  on  the  use  of  zinc  metaferrite  as  a  catalyst  in  the 
oxidation  of  nitrogenC^*),  a  considerable  number  of  data  has 
been  obtained  on  the  properties  of  the  compound.  These  are  sum- 
marized in  Table  III. 

Table  III 

PjtOPEBTlBS    OF  ZlKC   METArsRlUTX    (ZDO.Fe,0,) 

Colour .'  Deep  orango  powder.     Reddish   brown  by   tranamitted  light. 

Black  in  maaa  with  meUUlic  lustre. 
Be/ractivt  index :  7u  =  2-31  T  0-02  and  2-3«  T 
Specific  Oravit}/:  S-09  to  S'290.5-322  and  6-349  calculated  from  lattice 

parameter. 
Hardnett :  6'S  on  Moh's  scale. 

Unit  Lattice  .-  a,  =  8-423A  7  OOIA  (mean  of  T  values.) 
MeUing  PoirJ :  16eo°C.        (Checked,   the  reported   valu*   of   1720*C   is 

HeaiCapacUy:  0-73j/gm/°C,    (60°  —  1025'=C.) 

Coeffl.  of  Thermal  Expansion  :  99  X   10  "'  (25°— 860°C.) 

Magntiie  Froptriiet :  Ferromagnetic,  Curie  Point  61°C. 

Crystal  Form :  Cubic  octahedra.     RecrystalliEation  temperature,  700X. 

Solvbility  :  Insoluble  in  dilut«  mineral  acids  if  prepared  at  over  700°C. 

Hygroscopic  and  soluble  if  prepared  between  600°  and  700'C. 

All  forms  soluble  in  20  per  cent  sulphuric  or  hydrochloric 

acid  in  water. 
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Data  on  the  proportion  of  insoluble  zino  oxide  in  roasted  or 
sintered  ferruginous  blendes  indicate  that  the  quantity  depends  on  : 

(1)  the  quantity  of  iron  sulphide  in  the  raw  blende  ; 

(2)  the  form  in  which  this  is  present  ; 

(3)  the  maximum  temperature  attained  in  the  roasting  or  sintering ; 
and 

(4)  the  length  of  time  at  the  maximum  temperature. 
Obviously  the  particle  size  of  the  raw  blende  will  have  some  effect, 
but  in  the  examples  studied  there  were  no  data  on  this  factor. 
Since  all  were  flotation  concentrates  it  is  reasonable  to  assume  a 
roughly  constant  value. 

Zinc  metaferrite  formation  is  increased  by  the  presence  of  iron 
sulphide  as  marmatite,  by  a  high  temperature,  and  by  a  long  time  of 
roasting.  The  effect  of  temperature  is  much  greater  than  that  of 
time,  as  is  shown  by  the  fact  that  almost  100  per  cent  of  the  iron 
oxide  forms  ferrite  in  the  sintering  process  when  the  maximum 
temperature  of  about  1800^0  is  maintained  for  only  about  five 
minutes,  whereas  after  about  six  hours  in  a  reverberatory  furnace 
at  850°C,  only  about  85  per  cent  is  combined  with  zinc  oxide.  For 
this  reason,  zinc  oxide  for  lithopone  manufacture  or  any  process 
involving  leaching  is  still  prepared  by  the  more  expensive  rever- 
beratory roast. 

The  results  of  such  investigations  as  have  been  carried  out  on 
the  rate  of  formation  of  zinc  ferrite  are  incapable  of  general 
application,  generally  owing  to  a  lack  of  knowledge  of  the  state  of 
the  reactants,  or  of  the  precise  conditions  of  experiment.  This  is 
particularly  the  case  where  the  raw  material  has  been  a  sulphide 
concentrate,  as  the  uncontrollable  variables  involved  in  the 
oxidation  process  are  added  to  those  affecting  ferrite  formation. 

Scope  of  Investigation 

While  it  is  hoped  to  obtain  a  solution  to  the  problem  of  the 
mechanism  of  zinc  ferrite  formation  during  blende  roasting  as  an 
ultimate  goal,  it  is  obvious  that  the  starting  point  has  to  be  such 
that  all  materials  are  in  defined  and  reproducible  states  and  that 
experimental  conditions  allow  the  highest  accuracy  of  control. 
By  the  synthesis  of  information  obtained  from  a  series  of  investiga- 
tions into  simple  systems  of  pure  materials,  it  should  be  possible  to 
predict  the  behaviour  of  a  given  blende  from  the  results  of  one  or 
two  elementary  tests. 

For  these  reasons  the  present  work  has  been  carried  out  on  pure 
zinc  and  iron  oxides,  prepared  and  reacted  with  each  other  under 
carefully-controlled  conditions.  The  pure  sulphides  may  appear 
to  offer  a  better  starting  point,  but  the  effects  of  residual  sulphur 
and  the  probable  variation  in  the  temperature  of  preparation  of  the 
oxides  as  a  result  of  non-uniform  roasting  are  eliminated  by  the 
method  chosen. 

The  experimental  work  has  been  carried  out  in  the  following 
ways : 
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(1)  Detennmation  of  the  effect  of  temperature  on  the  rate  of 
combinatioa  of  zinc  oxide  and  ferric  oxide  between  600°G  and 
1800°C. 

(2)  Determiii&tion  of  the  effect  of  the  temperature  of  formation 
pf  the  ferric  oxide  on  the  rate  of  combination  between  600°C  and 
1800=0. 

(8)  Determination  of  the  effect  of  the  zino  oxide-feirio  oxide  ratio 
on  the  rate  of  combination  and  on  the  oompoaition  of  the  oompoundi 
fonned. 

EXFEBIMBNTAL  FBOOBOtntB 

The  preparation  of  ferric  oxide  by  the  ignition  of  ferrotu  oxalate 
vag  not  poBsible,  owing  to  the  high  and  ancontrollahle  temperatnre 
in  the  final  oxidation  process.  Ferric  oxide  made  from  ferroni 
oxalate  waa  therefore  disBolved  and  precipitated  from  acid  solution 
before  drying  at  ISCC  and  storing  in  a  well-stoppered  glass  bottle. 
Samples  were  taken  and  ignited  at  the  specified  preparation 
temperatore  for  foor  hours.  Uniformity  of  mean  particle  size  and 
size  distribution  was  ensured  by  grinding,  measurement  on  a  Fisher 
sub-sieve  sizer,  and  reaction  with  zinc  oxide  under  standard 
conditions.  The  zinc  oxide  was  purified  in  the  same  way  by 
solution  and  precipitation  and  the  stock  of  oxide  was  ignited  at 
600°C.  There  was  no  need  to  store  the  hydroxide,  as  the  ignition 
temperatnre  had  no  effect  on  the  reactivity  below  950°C,  and  then 
only  as  a  result  of  sUght  sintering.  The  partiole  aiza,  apart  from 
loose  clots,  was  remarkably  uniform  without  crushing. 

Table  IV 
Ferric  Oxide  prepared  at :      B50°C         660°C         860°C         1050°C 
Mean  Panicle  Site :  4*T2>i  4'84f(         S-OOfi         4'68>i 

AnalyDia  :  From  99-84  per  cent  Fe,0,  -f-  0-32  per  cent  FeO   to   g9-H 

per  cent  Fe,0,. 
Zinc  Oxide  Mean  Parliele  Size  :  1-13/t. 
Analysis :  Pure,  but  for  a  trace  of  carbon  dioxide. 

JfixtureB  for  '  rate  '  experiments  were  prepared  by  tumbling 
the  weighed  oxides  together  in  a  rotating  glass  bottle  for  80  minutes 
under  conditions  which  eliminated  grinding,  ^fixtures  for  com- 
pound formation  were  made  in  the  same  apparatus,  but  with  the 
addition  of  steel  rods,  so  as  to  reduce  the  mean  particle  size  to 
0-5^.  The  former  were  placed  in  the  furnace  container  as  loose 
powders,  and  the  latter  pressed  into  cylinders  0-5  in.  in  diameter 
by  0-5  in.  high.  Heating-up  periods  were  reduced  to  1-2  per  cent 
of  the  total  time  of  any  treatment  by  varying  the  size  of  sample  and 
using  furnaces  of  very  large  heat  capacity  relative  to  the  charges 
and  containers. 

The  loose  powders  were  cooled  rapidly  on  removal  from  the  furn- 
ace by  spreading  on  a  polished  steel  slab.  Pressed  cylinders  were 
cooled  by  an  air  blast  at  first,  but  it  was  later  found  ttuit  they  could 
be    quenched    in    water    without    disintegration.      Wire -wound 
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resistance  furnaces  were  used  for  temperatures  up  to  lOOO^C  and  a 
furnace  with  *  Globar '  elements  from  1000  to  1400°C.  The  former 
were  controlled  mechanically  to  within  5^  at  lOOO^C,  but  the  latter 
had  to  be  manually  controlled  to  keep  within  10^  at  1400°C. 
Fused  silica  containers  were  used  up  to  lOOO^C,  but  above  this 
temperature  platinum  dishes  had  to  be  used.  The  slight  reducing 
effect  of  platinum  on  samples  rich  in  ferric  oxide,  as  found  by 
White(^*>,  was  noted  and  the  affected  portions  of  the  samples  were 
discarded. 

Mixtures  containing  between  5  per  cent  and  95  per  cent  zinc 
oxide,  the  balance  being  ferric  oxide,  were  prepared  and  heated 
over  this  wide  range  of  temperature  in  order  to  simulate  all  likely 
conditions  of  sintering  and  roasting,  and  to  give  the  maximum 
opportunity  for  the  formation  of  compounds.  The  *  rate  of  com- 
bination '  was  determined  by  analytical  estimation  of  the  insoluble 
— i.e.  combined — zinc  oxide  in  the  samples  after  definite  periods  of 
heating  at  a  fixed  temperature.  The  zinc  oxide  content  of  the 
residue  after  treatment  in  a  solution  intended  to  dissolve  free  zinc 
oxide,  is  divided  by  the  original  content  of  zinc  oxide  in  the  sample 
and  multiplied  by  100  to  give  the  *  percentage  combination  '. 

Sampling  and  Analysis 
All  raw  and  reacted  mixtures  were  sampled  and  analysed.  In 
the  early  stages  the  ferrous  oxide  was  determined  in  all  samples, 
but  this  was  later  confined  to  samples  prepared  at  temperatures  over 
1200°C.  The  samples  were  crushed  in  an  agate  mortar  and  dried 
at  105°C,  before  storing  in  a  desiccator.  Between  crushing  each 
sample,  the  pestle  and  mortar  were  thoroughly  wiped  with  a  wet 
cloth  to  remove  adherent  particles  which  were  not  affected  by  dry 
cleaning. 

Total  Iron  and  Zinc  Determinations 
For  this  purpose  0-5  g.  of  sample  was  treated  with  50  per  cent 
H2SO4  and  50  per  cent  HCl  and  simmered  until  solution  was 
complete.  The  diluted  Uquor  was  then  boiled  ahd  filtered,  the 
residue  being  washed  and  redissolved,  before  separating  the  iron 
from  the  zinc  by  ammonia  precipitation. 

The  iron  in  the  precipitator  and  the  zinc  in  the  solution  were  then 
determined  in  the  normal  way  by  standard  methods. 

Solubility  in  Alkaline  Ammonium  Chloride  Liquor 
For  this  0-5  g.  of  the  sample  was  treated  with  liquor  comprised 
of  the  following  constituents:  5  g.  of  NH4CI,  50  ml.  of  distilled 
water  and  20  ml.  of  NH4OH  (sp.  gr.  0'880).  The  sample  was  allowed 
to  soak  overnight  in  this  Uquor.  (A  longer  time  of  leaching  had 
detrimental  effects  on  the  determination  and  a  slow  attack  on 
the  ferrite  occurred.)  The  leach  liquor  was  then  filtered  through  a 
weighed  Gooch  crucible  and  washed  thoroughly  with  distilled  water 
containing  a  few  drops  of  NH4OH.  All  the  insoluble  matter  was 
transferred  to  the  pad,  with  the  aid  of  a  *  policeman '  if  required. 
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Thc^  crucible  was  then  w&shed  well  to  remove  all  the  NH,C1. 
removed,  dried  at  110°C  for  halt  an  hour,  cooled  in  a  desiccator  and 
weighed.  The  increase  in  weight  represented  the  insoluble  matter, 
which  was  composed  of  either  pure  zinc  metaferrite,  or  a  mixture  of 
ferrite  and  excess  ferric  oxide,  according  to  the  original  composition 
of  the  sample. 

Soluble  Zinc 

The  filtrate  from  the  above  test,  which  was  collected  in  a  clean 
Buchner  flask,  was  washed  into  a  conical  beaker,  100  ml.  of  saturated 
H,S  water  added,  the  eolution  diluted  to  500  ml.,  and  heated  almost 
to  boiling  point.    Any  soluble  zinc  was  precipitated  as  the  sulphide. 

For  this  determination  HCl  was  added  until  the  ZnS  just  dissolved 
and  7  ml.  added  in  excess,  before  titrating  almost  at  the  boiling  point 
with  standard  potassium  ferrocyanide  solution,  using  uranyl 
acetate  ae  on  extemftl  indicator. 

Ferrous  Iron 

For  samples  containing  80-96  per  cent  Fe|0|  a  0-6-g.  sample  was 
used,  for  60-80  per  cent  Fe,0,,  1-0  g.,  and  for  5-60  per  cent  material 
the  maximum  available. 

The  weighed  sample  was  transferred  to  a  clean  260  ml.  conical 
fiask  fitted  with  a  two-hole  rubber  stopper,  through  which  inlet 
and  outlet  tubes  passed  for  the  passage  of  carbon  dioxide.  Ten  ml. 
of  SO  per  cent  H^SO,  and  50  ml.  of  60  per  cent  HCl,  both  made  with 
air-free  distilled  water,  were  added  and  the  flask  placed  on  a  hot 
plate.  The  CO,  flow  was  started  as  soon  as  the  acids  were  added  and 
the  heating  continued  until  solution  was  complete.  The  flask  and 
contents  were  then  quicklj  cooled  in  a  stream  of  cold  water,  with 
the  COj  flowing  until  ready  for  titration.  When  cold  the  COj  was 
cut  off  and  the  stopper  and  fittings  removed  and  washed  with 
distilled  water  into  the  flask.  The  volume  was  increased  by  the 
addition  of  about  120  ml.  of  distilled  water  and  titrated  immediately 
with  N/10  potassium  dichromate,  using  potassium  ferricyanide 
as  an  external  indicator.  (Diphenylamine  had  been  tried  here  as 
an  indicator,  but  was  found  to  be  seriously  in  error  in  that  it  gave 
an  end  point  when  the  external  indicator  did  not  give  one.) 
Standardization 

The  standard  solutions  were  prepared  under  the  same  condition* 
as  those  above,  in  order  that  the  factors  for  iron  and  zinc  should  be 
of  the  maximum  accuracy. 

Reporting  of  Results 

(A)  If  ferrous  iron  was  determined,  the  results  were  reported  ae 
follows : 

(1)  Total  FeO  )  Matter   inaol.)    (1)  Total  FeO 

(2)  Total  Fo,0,        J   =  100  per         ub!e  in  leaeh.  [    (2)  Total  F6,0, 
{3)  Total  ZnO  J         cent  ing  solution.   )    (3)  ZnO   (Ongin*! 

lees  soluble) 
(4)  Soluble  ZnO  (The  above  reported  aa  percentage 

of  insoluble  reaidue) 
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(B)  If  ferrous  iron  figures  were  not  required : 

(1)  Total  Fe  (as      ")   »  100  per        Matter  insol-)  (1)  Insoluble  Fe 

(2)  Total  ZnO         )  Hquor       )  (2)  Insoluble  ZnO. 

(3)  Soluble  ZnO 

When  the  samples  were  extremely  small,  the  iron  was  determined 
hy  KfCr|07  titration,  but  the  zinc  was  determined  gravimetrically 
by  the  mercuric  thiocyanate  method.  Ferrous  iron  was  determined 
hy  solution  of  the  sample  in  50  per  cent  HCl,  in  the  presence  of  a 
Imown  excess  of  dilute  standard  KiCr^Of  solution,  separation  of  the 
iron  with  NaOH  solution,  filtration  and  subsequent  colorimetric 
determination  in  an  aliquot  portion  of  unreduced  K|Cr207,  using 
diphenyl  carbazide. 

EXPBRIMENTAL   BeSULTS 

As  preliminary  trials  had  shown  that  there  was  a  difference  in 
the  reactivity  of  ferric  oxide  with  zinc  oxide,  according  to  whether 
the  temperature  of  preparation  was  above  or  below  approximately 
700°C,  the  experiments  under  Section  (1)*  were  carried  out  in 
duplicate,  using  two  varieties  of  ferric  oxide,  one  prepared  at  650°C 
and  one  prepared  at  SSO'^C.  In  Section  (2)  the  actual  value  of  this 
transition  temperature  was  determined,  together  with  an  indication 
of  a  further  fall  in  reactivity  at  a  higher  temperature.  The  first 
part  of  Section  (8)  was  derived  from  the  use  of  a  number  of  different 
mixtures  in  all  of  the  experiments  under  (1)  and  (2).  For  the  second 
part,  it  was  necessary  to  examine  a  number  of  the  samples  micro- 
scopically as  well  as  analytically,  since  the  analytical  data  alone 
were  not  conclusive. 

Graphs  1  and  2  illustrate  the  effect  of  temperature  of  reaction 
on  the  rate  of  combination  of  zinc  oxide  and  the  two  kinds  of  ferric 
oxide.  Until  the  effect  of  zinc  oxide-ferric  oxide  ratio  is  discussed 
under  Section  (8),  the  groups  of  curves  representing  one  type  of 
ferric  oxide  are  dealt  with  as  if  a  mean  curve  was  being  considered. 
The  exceptions  are  those  curves  which  occur  in  a  number  of  graphs 
and  have  a  common  peculiar  form.  The  first  of  these  is  Curve  8  of 
Graph  2. 

Graphs  8  and  4  show  the  result  of  examination  of  the  rate  of 
combination  at  one  temperature,  but  for  a  period  sufficiently  long 
for  the  reaction  to  be  substantially  complete.  The  great  difference 
in  reaction  velocity  between  the  two  kinds  of  ferric  oxide  is 
apparent  and  the  form  of  the  curve  previously  noted  is  repeated  in 
Curves  2  and  8  of  Graph  4. 

In  Graphs  5  and  6  the  temperature  of  reaction  is  at  the  lower 
end  of  the  range  and  a  new  factor  appears,  the  failure  of  one  type  of 
ferric  oxide  to  approach  complete  combination  in  any  foreseeable 

*See  (1),  (2)  and  (3)  under  the  heading  *  Scope  of  Investigation  \  pp.  5 
and  6. 
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period.     The  velocity  of  reaction  of  the  low -temperature  ferrio 
oxide  appears  to  be  the  same  at  650''C  as  it  was  at  850°C. 

The  effect  of  a  higher  temperature  of  reaction  is  shown  in  Graph 
7,  where  the  ferric  oxide  prepared  at  660°G  has  reacted  completely 
in  a  few  nunntes  and  the  '  860  '  ferric  oxide  cnrves  have  indications 
of  heing  similar  in  form  to  those  mentioned  in  Graphs  2  and  4. 
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Graph  B  is  a  preliminary  determination  of  the  effect  of  the  tempera- 
ture of  preparation  ot  the  ferric  oxide  on  the  rate  of  reaction  at  i 
constant  temperature.  The  falling  off  in  reactivity  above  700°C 
and  again  above  1200°C  confirm  the  previous  approximatioc 
for  the  lower  temperature,  but  the  highest  accuracy  is  only  attained 
in  Graph  9,  vhere  a  combination  of  temperature  of  preparation  and 
temperature  of  reaction  produce  a  very  sharp  break  in  the  rats 
curves. 

Whereas  the  samples  of  ferric  oxide  had  previously  been  prepateii 
by  heating  at  the  requisite  temperature  for  four  hours,  there  wu 
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no  exact  knowledge  of  the  rate  of  change  of  one  form  into  aaother. 
Graph  10  is  tho  result  of  taking  ferrio  oxide  prepared  at  GSCC. 
heating  it  at  tho  temperatures  given  tor  various  periods  and  then 
reacting  with  7.'mc  oxide  under  standard  conditions.  Knowing  the 
reactivity  of  the  original  material  and  of  the  forms  stable  at  th" 
two  temperatures  used,  it  was  possible  to  determine  the  degree  o( 
conversion  from  the  reactivity'  of  the  treated  material. 

As  ectQ  be  sc^en  the  rate  is  such  as  to  affect  the  unconibined  ferric 
oxide  in  a  mixture  after  only  a  lew  minutes"  exposure  to  the  tem- 
perature of  reaction,  provided  that  thia  is  sensibly  higher  than  th« 
temperature  of  preparation.  Graph  IK")  is  drawn  front  publislifd 
work  on  blende  roaatiug  and  i.s  of  interest  in  that  the  760^  curve  is 
of  the  unusual  form  previously  m-'nlioiied. 

Graph  12  and  Graph  18  summarize  the  results  ot  the  very  large 
number  of  analyses  made  in  order  to  detect  compound  formation 
over  the  whole  range  of  mixture  compositions  used.  Graph  12 
indicates  very  clearly  that  the  initial  compound  to  be  formed  is 
the  metaferrite  (ZnO.Fe,0,)  containing  88-76  per  cent  zinc  oxide. 

Graph  18  appears  to  provide  support  for  the  formation  of 
2ZnO.FejO,  and  8ZnO.SFe|0„  but  there  are  weaknesses  in  the 
argument  Iwsed  on  these  data  which  are  discussed  later. 

Graph  14  is  compiled  from  data  incidental  to  the  attempts  at 
compound  formation  at  the  highest  temperatures.  Zinc  oxide  is 
seen  to  have  a  stabilizing  effect  on  ferric  oxide  similar  to  that  of 
magnesium  oxide.    It  should  be  noted  that  in  the  zinc  oxide-ferric 


of  Zine  Ferriu  from  Zinc  Oxide  and  Ftrrie  Oxide, 
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oxide  graph,  the  ferric  oxide  content  of  any  sample  is  taken  as 
100  per  cent  at  below  1200^0  and  not  as  the  actual  content,  as  in 
the  work  of  Boberts  and  Merwin<^^>. 

Figs.  15  and  16  (Plate  J)  are  included  to  show  the  structure  of  the 
pure  metaferrite  and  the  complex  nature  of  the  high-temperature 
products  containing  between  about  86  per  cent  and  90  per  cent  zinc 
oxide.  The  large  white  masses  in  both  cases  are  the  metaferrite, 
and  in  Fig.  16  the  remainder  consists  of  a  lamellar  aggregate  of 
white  metaferrite  and  darker  zinc  oxide  solid  solution. 

Discussion  of  Eesults 

Under  Section  (1),  the  results  from  which  Graphs  1-7  were 
prepared  indicate  that  the  reaction 

ZnO  +  FcjOg  =  ZnO.FejO, 

has  a  large  temperature  coefficient,  irrespective  of  the  character 
of  the  ferric  oxide.  The  coefficient  is  naturally  greater  for  the  more 
active  form,  as  is  shown  by  the  fact  that  the  percentage  combination 
in  80  minutes  is  increased  from  20  per  cent  to  90  per  cent  in  50^ 
»(600-650°C)  for  the  low-temperature  form,  and  only  from  40  per  cent 
to  65  per  cent  in  50®  (850-900°C)  for  the  high-temperature  variety 
•(Graphs  1  and  2). 

Comparison  of  the  mean  rates  in  Graphs  8  and  4  shows  that  the 
"  650  '  ferric  oxide  reacts  with  an  initial  rate  which  is  about  100  times 
that  of  the  *  850  '  variety. 

The  general  form  of  both  sets  of  curves  is  indicative  of  diffusion 
•control  of  the  rate  of  combination,  but  there  are  curves  in  Graphs 
^  and  4  which  appear  to  indicate  an  initial  rapid  reaction,  followed 
by  an  interval  of  time  or  temperature  over  which  no  further 
•combination  takes  place,  and  then  by  renewed  reaction  at  a  slower 
rate.  For  example,  in  Graph  2,  Curve  8,  there  is  no  increase  in  the 
total  combination  above  650®C  until  the  temperature  exceeds 
^OO^'C.  In  the  same  way,  Curve  8  of  Graph  4  appears  to  indicate 
a  suspension  of  activity  between  about  2  and  72  hours  after. the 
<;oinmencement  of  heating.  It  is  interesting  that  Graph  11, 
constructed  from  published  data,  contains  a  curve  of  this  unusual 
form  (760°). 

Eeference  to  Graph  10  will  assist  the  explanation  advanced  to 
account  for  this  phenomenon.  In  this  graph  it  can  be  seen  that  the 
rate  of  transformation  of  the  low-temperature  form  of  ferric  oxide 
into  that  stable  at  the  temperature  of  reaction  takes  place  at 
about  the  same  rate  as  the  reaction  to  form  the  metaferrite.  Thus, 
during  the  heat  treatment  of  a  mixture  of  zinc  oxide  and  ferric 
oxide  prepared  at  a  temperature  lower  than  that  of  the  heat  treat- 
ment, wlule  part  of  the  ferric  oxide  is  combining  with  the  zinc 
oxide,  the  rest  is  being  transformed  into  the  form  stable  at  that 
temperature.  If  this  latter  form  is  less  reactive  than  the  original, 
then,  after  an  initial  phase  of  rapid  reaction,  a  stage  will  be  reached 
at  which  combination  will  stop,  until  the  reactants  diffuse  through 
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this  layer  of  product  to  continue  combination  at  a  much  slower 
speed. 

It  will  be  possible  by  inereasing  the  temperature  of  reaction 
sufficiently  to  raise  this  speed  of  diffusion  to  a  point  such  that  the 
percentage  combination  increases  beyond  this  steady  value  (Cun'e 
8,  Graph  2,  over  900°  C).  The  reverHe— i.e.  change  to  a  more  acttv 
form  when  the  temperature  of  reaction  is  the  appropriate  stability 
zone — does  not  appear  to  take  place  at  a  measureable  rate.  Thi" 
is  illustrated  in  Graph  5,  where  the  apparent  rise  in  the  cun'es  is 
due  to  alteration  in  the  scale. 

This  effect  on  the  form  of  the  reaction  curves  is  not  confined  to 
the  region  of  700°C,  as  can  be  seen  in  Graph  7-  Here  the  reaction 
was  carried  out  at  lOSCC  and  the  form  of  curve  previously 
mentioned  is  found  in  the  case  of  the  '  850  '  ferric  oxide.  According 
to  Hedvall<"J  chemical  combination  is  accelerated  when  either  gf 
the  reactants  undergoes  an  aliotropio  modification  when  heated  to 
the  temperature  of  reaction.  Although  some  change  in  the  ferric 
oxide  certainly  does  take  place,  the  negligible  difference  in  the 
rates  of  reaction  at  esO'C  (Graph  6)  and  SSCC  (Graph  4),  of  the 
'  650  '  oside  tends  to  eliminate  this  possibility. 

Published  data  unanimously  support  a  diminution  in  the  chemical 
activity  of  ferric  oxide  if  heated  to  over  "  about  TOCC  '.  There  is 
notlung  more  specific  on  the  actual  temperature  or  on  the  cause 
of  the  change.  For  example,  gravimetric  analysis  instructions 
stress  the  difficulty  of  redissolving  a  ferric  hydroxide  precipitste 
if  it  is  ignited  at  temperatures  over  this  value.  RalstonP*',  in  a 
comprehensive  account  of  the  properties  of  ferric  oxide,  does  uot 
mention  any  change  in  (he  physical  properties  or  structure  st 
this  temperature,  but  does  note  the  loss  of  ferromagnetism  and 
absorption  of  heat  on  heating  at  678°C.  The  density,  crystal 
structure  and  lattice  parameter  have  no  sharp  change  of  value  when 
passing  through  this  temperature. 

With  this  approximate  figure  in  mind  the  raw  materials  for  Graphs 
1-7  were  prepared  at  eSO^C,  equivalent  to  about  the  lowest  possible 
temperature  for  roasting  to  form  sulphate,  and  650°C,  the  usual 
temperature  for  dead  roasting  to  oxide  in  a  reverberatory  furnace. 
The  difference  in  rates  of  reaction  between  these  two  varieties  o! 
ferric  oxide  indicated  the  probability  of  a  drastic  change  occurring 
between  these  temperatures,  and  the  experiments  resulting  iu 
Graph  8  were  intended  to  examine  this,  as  well  as  the  possibility 
of  other  changes,  over  a  wide  range.  By  preparing  ferric  oxide  at 
temperatures  from  600°  to  1300°C  at  50°  intervals,  and  reacting 
with  zinc  oxide  at  a  fixed  temperature — 850°C — two  points  were 
found,  above  which  the  reactivity  fell  more  or  less  sharply.  These 
were  at  about  700°C  and  about  1200°C.  The  latter  temperature 
is  that  above  which  ferric  oxide  decomposes  rapidly  to  magnetite, 
which  is  itself  a  spinel  and  inert  toward  zinc  oxide.  Analysis  of  the 
'  ferric  oxide  '  prepared  at  over  1200°C  confirmed  the  presence  of 
an  increasing  proportion  of  magnetite  with  increasing  temperature 
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of  preparation.    The  position  of  the  lower  inflexion  point  was  rather 
indefinite,  although  roughly  in  the  position  predicted. 

In  order  to  eliminate  the  effect  which  the  difference  between 
the  temperature  of  preparation  and  the  temperature  of  reaction 
may  have  had  on  the  position  of  the  inflexions,  the  experiments 
resulting  in  Graph  9  were  carried  out.  The  temperatures  of 
preparation  of  the  ferric  oxide  and  of  reaction  were  the  same  for 
individual  tests.  This  was  also  of  interest,  in  that  it  might  be 
described  as  a  close  approximation  to  roasting  practice,  where  the 
oxides  produced  from  the  sulphides,  at  an  approximately  constant 
temperature,  are  maintained  in  intimate  contact  for  a  further  period 
before  serious  cooling  takes  place.  The  difference  in  reactivity  and 
temperature  of  transformation  are  both  brought  out  very  clearly, 
subsequent  work  at  660°  and  690°C  having  confirmed  the  position 
of  the  change  point.  The  dip  in  the  curves  at  850°-950°C  is  con- 
sidered to  be  due  to  sintering  of  ferric  oxide  before  combination  and 
the  resultant  slow  reaction  between  coarser  particles.  From 
Graph  9  it  is  clear  that  the  change  in  the  reactivity  of  ferric  oxide 
takes  place  at  678''C  and  is  related  to  the  other  phenomena  occurring 
at  this  temperature.  Nothing  can  be  added  to  the  knowledge  exist- 
ing on  the  relationship  between  them  from  the  results  of  this  work. 

In  Section  (8)  Graph  12  is  self  explanatory,  in  that  the  residue 
analysis  was  constant  above  a  content  of  88*76  per  cent  zinc  oxide 
in  the  original  mixture.  Since  this  is  the  zinc  oxide  content  of  the 
metaferrite,  it  may  be  accepted  that  this  is  the  initial  compound 
formed  between  850°C  and  1400°C,  from  mixtures  containing  any 
proportions  of  the  two  oxides. 

Graph  18  is  noted  as  the  record  of  experiments  conducted  for  60 
minutes  at  the  specified  temperatures,  but  the  form  of  the  curves  was 
essentially  unchanged  when  heating  periods  of  up  to  six  hours  were 
used.  At  first  sight  it  appears  that  more  complex  compounds  of 
the  two  oxides  are  formed,  probably  by  reaction  between  the 
metaferrite  and  excess  zinc  oxide. 

If  the  ranges  of  composition  over  which  apparent  complex 
formation  occurs  are  compared  with  the  compositions  given  in 
Table  II,  it  will  be  seen  that  constancy  of  residue  analysis  similar 
to  that  in  Graph  12  is  not  attained  in  the  range  including  the 
supposed  compound.  For  example  2ZnO.Fe203  contains  50*47 
per  cent  ZnO,  but  the  approximate  horizontal  in  the  residue 
analysis  curve  appropriate  to  this  value  exists  only  between  70 
per  cent  and  90  per  cent  ZnO  in  the  original  mixture.  The  possi- 
bihty  of  incomplete  combination  is  eliminated  by  the  persistence  of 
this  situation,  in  an  essentially  unchanged  form,  after  the  longest 
period  of  heat  treatment.  The  same  observations  can  be  made  for 
the  eZnCSFcjOs. 

It  is  reasonable  to  expect  that  if  a  compound  is  formed  with  more 
than  88*76  per  cent  ZnO,  the  residue  analysis  curve  should  rise 
steadily  from  the  origin  to  the  new  value,  and  remain  at  this  level 
to  the  minimum  iron  oxide  content  used  in  the  original  mixture. 
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It  iR  appreciated  that  this  state  of  affairs  will  not  of  necessity 
prevail  in  the  final  equilibrium  condition,  but  the  time  required 
to  reach  equilibrium,  except  with  special  preparations,  will  be  m> 
long  as  to  obviate  the  necesBity  for  consideration.  Microscopit 
examination  of  samples  analysed  in  the  course  of  preparation  of 
Graph  13  indicate  that  the  metaferrite  is  capable  of  dissolving  ferrio 
oxide  above  1100°C  and  zinc  oxide  above  ISIXfC.  The  maximum 
zinc  oxidecontent  of  the  ferrite  phase  at  1400°C  is  about  38  percent 
and  from  this  figure  to  about  90  per  cent  zinc  oxide  the  structurB 
of  a  heat-treated  mixture  is  that  of  a  finely-disseminated  agglomft- 
rate  of  metaferrite  saturated  with  zinc  oxide  and  a  solid  Golution 
of  metaferrit«  in  zino  oxide.  The  latter  contains  abont  90  per  cent 
Einc  oxide  and  is  so  intimately  mixed  with  the  insoluble  coDBtitneDt 
as  to  make  complete  extraction  by  a  solvent  highly  improbable. 

That  this  is  able  to  take  place  in  the  absence  of  ferrite  is  shown 
by  the  fact  that  the  residue  analysis  falls  practically  to  the  meta- 
ferrite value  when  the  original  sino  oxide  content  exceeds  90  per 
cent.  Persistence  of  envelopment,  due  to  heterogeneity,  probably 
accoonts  for  failnre  to  fall  completely  to  this  v^ue.  This  latter 
diminution  in  the  combined  zinc  oxide  nins  contrary  to  the  expected 
stability  of  a  high  zinc  oxide  oomponnd,  when  heated  in  contact  vitb 
great  excess  of  this  material.  Figs.  16  and  16  show  the  structure 
of  heavily-etched  pure  metaferrite  and  of  the  complex  Btmotnie 
referred  to.  From  this  evidence  it  is  considered  that  the  metaferrite 
is  the  only  compound  formed  in  the  system  and  that  the  others  are 
due  either  to  soUd  solution  of  ferrio  oxide  or  to  failure  to  extract 
the  free  zinc  oxide  by  solution. 

The  effect  of  the  zinc  oxide-ferric  oxide  ratio  on  the  rate  oE 
combination  is  very  difficult  to  determine.  Only  in  the  case  of  the 
high- temperature  ferric  oxide  is  there  some  indication  of  the  rate 
falling  with  the  value  of  this  ratio.  Graph  14  is  of  interest  in  that 
the  effect  of  zinc  oxide  in  retaining  the  iron  in  the  ferric  state 
results  in  the  introduction  of  a  greater  amount  of  oxygen  into  the 
distillation  retort  charge  than  would  be  the  case  if  the  uncombined 
ferric  oxide  had  been  converted  to  ferrous  oxide  by  the  heat 
treatment. 
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Recovery  of  Sulphur  from  Smelter  Gases  by 
the  Orkla  Process  at  Rio  Tinto 

H.  B.  POTTS,  MSMBBB,  and  E.  6.  LAWFORD,  ajbl.b.u.,  m^mbbb 


Further  contrUmUd  remarks  on  paper  published  in  Bulletin  509, 
AprU  1949. 

The  technical  staff  of  orkla  mstal-aktiebelskap  :  As  a 
contribution  to  the  paper  we  give  below  as  a  comparison  a  shoTt 
summary  of  the  Orkla  process  as  it  works  to-day  at  Thamsh^vn. 
The  calculation  shown  in  Table  XII  is  based  on  the  technical 
report  for  March,  1949. 

Table  XII 

Chaboed  to  the  Fubnacbs  and  PHODnCTS 

(in  metric  tons) 


Pyritee 

Quartz  

Limestone  (95%  CaCO„ 
16%H,0)    

Coke  (11%  ash)  

Poor  matte  

Products : 

Rich  matte  

Slag  from  matte  furnace 
Slag  firom  pyrite  furnace 
Dust  from  gas  mixer  ... 
Dust  from  Cottrells 


Tons 


29,980 
4,826 

1.837 
4,144 
4,591 

1,384 

4,426 

21,555 

105 

152 


Cu 
% 


1-866 


11-355 

37-44 
0-50 
0-27 


Fe 

% 


38-149 


54-00 


8 
% 


41-018 


24-00 

24-24 

213 

2-67 

21-06 

15-22 


SiO. 

0/ 

/o 


12-95 
9500 


004 
29-55 
34-33 


3n 
% 


1-922 


Exit  Gabbs  from  the  Fubnacbs 


Oases 


CO,. 
CO  . 

O, 
SO,. 
H,S. 
CS,  . 
COS. 


Per  cent 
by  Vol. 


13-2 
0-2 
0-5 


g.per 
cu.  m. 


28-8 
22-3 


g.  per  cu.  m. 


C 


710 
11 


7-1 
4-0 


8 


24-92 
11-62 
21-70 
18-83 
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As  it  appears  from  the  feed  bslaDce  the  le-smeHing  of  the  poor 
matte  is  included  there  in  order  to  make  the  following  calculation 
easier.  The  poor  matte  ie  re-amelted  in  its  own  funiaoe,  but  the 
amount  of  tluxea  and  coke  used  is  included  in  the  feed  balance 
and  the  gas  from  the  re-smoltJng  furnaces  is  mixed  with  gasea 
-Ironi  the  pyrite  furaaoeB. 

In  the  following  oalculation  the  diatilUtion  of  the  loose  fttom 
'  inlphor  is  also  calculated  as  foUows  : 

7  FB8,+lie»t-FB^,+3  8,     (I) 

*  F6^,+M  0,-14  F»0+1«  80, ;.... (2) 

fiome  anthora,  however,  oaloolate  with : 
'8  Vea,+bmt-mt  Fe8-|-B, 

At  Orkla  ire  also  oaloolate  with  the  following  rwotioiui : 

80,+C=CX),+ J  8, W 

C0,+C-2  CO  (4> 

80,+2CO-JS,+2CO, (« 

Tablb  XIII 


kg.  of  Ctahvn 
per  tmpyriitt 

Cariwn  ohargod  to  the  f^BiMOM  as  ooke  100-9 

„  „        in  limestone TO 

Total  carbon  charged  to  fumaoee 107'9 

g.  Carbon 
Carbon  in  Exit  QaMe  per  cu.  m. 

CO„  13-2  pOT  cent  by  volumo 71-0 

CO.      0-2         1-1 

COS 7-1 


Total  

The  volume  of  gas  per  ton  pyrites  is  : 


30,  =  24-92  X  1,300  =  32-40  kg.  per  tc 

COS  c^  18-83  xl,300  =  24-4B 

CS-  =  21-70X  1,300  =  28-21 

H^S  =  11-62x1,300  =  1611  „       „     , 

Total  100-20 
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SULFKUB  BALANGB8  lif .  JMT  /Ofl 

pyriUa 

Charged  sulphur 410 

Sulphur  combined  with  Cu,  Zn»  etc 15 

Sulphur  in  FeS,    „...  396 

Volatile  sulphur  (42  per  cent  in  FeS,)  166 

Sulphur  in  Fe^g 229 

Sulphur  oombmed  with  Cu»  Zn,  etc 15 

Fixed  sulphur  entering  smelting  zone  244 

a  i^v      •         **  1,384  X  24-24  _  _  . 

Sulphur  m  matte 29,990 X  l,06o  °    ^^'^ 

o  i^x.           1  669-800  00  o 

Sulphur  m  slag ^g^^g^       =    223 

Gil.      •    A  ^  62,100  „ , 

Sulphur  m  dust     -^^^^^^       =  Jvl  ^^  ^ 


Sulphur  oxidized  to  SO. 208-5 

Sulphur  as  SO^  not  reduced  in  the  gases  from  the 
furnaces : 

24-92  X  1.300 


1,000 


32-4 


Sulphur  produced  by  reduction  of  SO^ 176*1 

Table  XV 
Cabbon  £:ntebino  into  the  Reduotion  Reaction 

kg.  per  ton 
pyrites 

Total  carbon  in  coke  charged  to  the  furnaces 100-9 

Carbon  combined  as  COS,  CS|,  and  CO  in  gases  from 

the  furnaces,  about 15-9 


Carbon  for  reduction  of  S0| 85-0 

If  10  per  cent  of  the  carbon  reaching  the  focus  is 
burnt  to  CO^,  not  reduced  to  CO,  and  passes  into 
gases  as  COj — ^that  is  10-0 

Carbon  to  reduction  of  SOj  is 75*0 

Table  XVI 

OAItOXTULTION   OF  THE   PbOPORTION   OF  THE  TOTAIi  Suif  HUB  RbDUOQEO 

FROM   SO,  BY   CO   AND   BY   SOLID    C 

X  s=  weight  of  cctrbon  reducing  SO,  by  equation  (3). 

y  s  wei^t  of  carbon  burnt  to  CO.  at  the  focus,  but  subsequently  reduced 

'    to  CO,  which  then  reacts  with  SO,  by  eqiiation  (5) : 

X  -\-  y  =  15 

Z2x   .    32(y-0-ly) 

-T2-  + 24 =  ^^®^ 

Solving  this  eqiiation  gives  : 

X  =  58-7  kg. /ton  pyrites. 

y  =  16-3       „ 

Thus  sulphur  reduced  from  SO,  by  carbon  as  CO  =  21-1 

kg. /ton  pyrites 12  per  cent 

and  reduced  from  SO,  by  solid  C  —  155-0  kg. /ton  pyrites    ...     88 


ft 
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It  is  evident  from  the  oalonlationB  Bet  out  in  Tables  XII  to  XVI 
that  we  have  a  better  reduction  of  SO^  per  unit  of  carbon  than  is 
the  case  at  Bio  Tinto.  This  depends  to  a  certain  degree  upon  tiiA 
fact  that  we  have  a  higher  ratio  of  concentration  (mineral  to  matte) 
in  our  furnaces. 

Cleaning  Dust  from  fhe  Gases 

The  heaviest  particles  of  dust  are  settled  out  in  flues  and  in  the 
gas  mixer  (recovery  4-5  kg./ton  pyrites).  Then  the  gases  pass 
through  Cottrells  (8  Cottrells  for  4  furnaces)  which  clean  the  gasoB 
of  the  finest  particles  of  dust.  We  have  a  very  good  efficiency, 
as  the  sulphur  condensed  only  contains  0*02  per  cent  ash  (recoveiy 
of  dust  is  6-6  kg./ton  pjrrites). 

Beactum  of  Catalysing 

After  the  Cottrells  the  gases  enter  into  a  catalyser  chamber  at 

a  temperature  of  450^0.  and  pass  through  a  catalysing  mass. 

The  analysis  of  the  gas  before  the  catalyser  is : 

Sulphur  aa :  g.jeu.  m. 
80.      »        24-92 
HJ3     »        11*62 
COS     »        18*83 
CS,      =        21-70 

77-07 

COj      8       ^  13*2  per  cent  volume. 
CO       =  0-2 

O,        =  0-3 


The  analysis  of  the  gas  after  the  catalyser  is  : 

Sulphur  as  :        g.jcu.  m. 
SO.      =        21-25 
H,S      =         12-59 
COS     =  813 

CSj      =        10-47 

62-44 


COj      =        13-70  per  cent  volume. 
CO       =  010 

Oj        =  0-20 


»»  »» 

>>  » 


Becovery  =  77-07  —  52-44  =  24-68  g.  S/cu.  m. 

Per  ton  pyrites  = ' —  =  82-02  or  7*8  per  cent  of  total  8. 

The  gas  is  then  cooled  down  in  a  condenser  to  about  140**C. 
The  analysis  of  the  condensed  S  is  : 

Ash  =    0-02  per  cent. 
As    =    0-14       „ 
Se    =    0-014     „ 

The  gas  is  reheated  in  an  oil-fired  heat  exchanger  to  250^C.  and 
passed  through  the  second  catalyser.  The  analysis  of  the  gas 
after  the  second  catalyser  is  : 
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Sulpkuraa:       g,leu,m, 

SO,      «        16-67 

7-35 

2-77 

8-95 

36-74 


C0|      =        15*03  i>er  cent  volume. 
CO       =  000        „  „ 

O,        =  000 

Becovery  =  52-44  —  86-74  =  16-7  g./cu.  m. 

^     .  ..  16-7x1,300      ^,  .,      ,.  ..  ^. 

Per  ton  pyntes  =  — ww) —  =  21-71  g./ton  pjmtes,  or  5-8  per 

cent  of  total  S. 

The  gas  is  then  cooled  down  to  180^0.,  and  the  sulphur  condensed 
and  collected  in  gas  coolers  and  scrubbing  towers.  The  analysis 
of  the  sulphur  is  :  Ash,  0-005  per  cent ;  As,  0-009  per  cent ;  Se, 
0-002  per  cent. 

The  tail  gases  from  the  scrubbers  are  cooled  down  in  cooling 
towers  to  80°C.  by  water,  passed  through  absorption  towers  filled 
with  Hmestone,  and  sprayed  with  sea  water  from  the  top.  All  SO2 
is  here  absorbed  before  the  gases  are  passed  out  to  the  free. 

It  will  be  seen  that  the  analyses  of  the  different  gases  will  not 
correspond  to  the  reaction  going  on  by  catalysis,  but  this  is  because 
gas-samples  are  not  taken  at  the  same  time,  and  the  gases  can 
differ  from  time  to  time.  The  recovery  of  sulphur  after  these 
analyses  should  be : 

328  kg. /ton  pyrites 
328x100       _- 

=s jrrr =   80  pCP  COIlt. 

However,  we  had  a  recovery  of  841  kg. /ton  pyrites 

341 X 100     ^.  , 

= ■- -  —  =  83*1  iper  cent. 

41U 

It  is  therefore  obvious  that  we  have  had  better  reaction  than 
the  analyeiB  shows. 

It  is  evident  that  it  is  impossible  to  recover  more  sulphur  by 
catalysis  of  the  exit  gases  from  the  furnaces  before  the  sulphur 
containing  almost  all  the  arsenic  has  been  condensed  and  collected. 
Afterwards,  however,  the  gases  can  be  re-heated  and  sulphur 
recovered  by  catalysis. 

Another  thing  is  worthy  of  attention.  The  low-grade  matte 
should  be  concentrated  by  re-smelting  in  a  closed-top  furnace,  the 
gas  cleaned  from  dust  by  Cottrells,  and  this  gas  mixed  with  the  gas 
after  the  condenser,  and  the  gas-mixture  passed  through  a  cata- 
lyser.  The  gas  from  this  furnace  would  be  almost  free  from 
arsenic  and  contain  a  surplus  of  SO^,  which  would  react  with  other 
sulphur-compounds  in  the  catalyser.  The  other  furnaces  could 
then  be  charged  with  more  coke  to  diminish  the  content  of  SO2 
in  the  gas  from  them. 
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The  fuel  consumption  for  re-heating  the  gases  from  tha  titl 
condenser  will  also  ho  [ess  aa  the  gas  fiom  the  le-smelting  fnnuoe 
has  a  temperature  of  about  SOCC. 
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Experiments  on  the  Removal  of  Selenium  and 
Tellurium  from  Blister  and  Fire-refined  Copper 

W.  A.  BAKEE,  B.SO.,  f-lm  .,  and  A.  P.  C.  HALLO  WES,  b.so.,  a.i.m. 


ContribtUed  remarks  on  paper  jmblished  in  Bulletin  518»  August  1949. 

Mb.  h.  b.  P0TT8* :  The  paper  written  by  Messrs.  Baker  and 
Hallowes  contains  some  exceedingly  interesting  information  and 
should  be  of  great  practical  value  to  metallurgists  at  smelters 
which  produce  blister  copper  which  contains  Se  and  Te,  as  showing 
what  can  be  done  to  eliminate  these  very  objectionable  elements. 

Selective  converting,  which  is  usually  carried  out  with  a  view 
to  concentrating  gold  and  silver  values,  is  possible  because  of  the 
fact  that  gold  has  a  much  greater  affinity  for  copper  than  for  *  white 
metal ',  while  silver  has  a  slightly  greater  affinity ;  as  a  result  of 
this  it  is  possible  to  concentrate  more  than  90  per  cent  of  the  gold 
and  more  than  50  per  cent  of  the  silver  into  less  than  50  per  cent 
of  the  blister  copper  produced  from  a  given  charge  of  matte.  A 
similar  action,  although  working  in  the  opposite  direction,  evidently 
makes  the  process  a  practical  one  for  concentrating  Se  and  Te. 

In  Table  I  (first  section)  the  weight  of  white  metal  produced 
from  each  850-gram  charge  of  matte  is  not  given,  but  by  working 
with  the  theoretical  quantity  of  white  metal  which  could  be 
produced  and  appl3ring  to  it  the  analysis  given  for  the  Se  and  Te 
content  of  the  white  metal  it  seems  that  in  the  case  (taken  at 
random)  where  49  per  cent  of  the  copper  in  the  matte  had  been 
brought  down  as  blister,  which  contained  2  per  cent  of  the  original 
total  Se  and  9  per  cent  of  the  original  total  Te  present  in  the  matte, 
that  80  per  cent  of  the  original  Se  and  68*7  per  cent  of  the  original 
Te  had  passed  into  the  remaining  white  metal. 

These  figures,  if  correct,  give  a  total  of  82  per  cent  Se  and  72-7 
per  cent  Te  accounted  for ;  the  balance  in  each  case  must  pre- 
sumably have  been  slagged  and  volatilized. 

Even  if  only  approximately  correct  these  figures  do  not  agree 
with  those  given  by  the  authors  on  page  2  under  the  heading 
'  Besults  ',  which  show  a  maximum  of  6  per  cent  Se  and  20  per 
cent  Te  eliminated ;  it  may  be  possible  for  the  authors  to  clear 
up  this  point,  because  the  writer  may  have  misunderstood  their 
data. 

The  problem  of  separating  the  white  metal  from  the  blister 
copper  is  a  very  real  one  in  works  practice  ;    the  writer  has  had 

^Late  Smelter  Superintendent,  The  Rio  Tinto  Co.,  Ltd. 
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oonsiderable  exporience  with  selective  converting,  using  12-ft. 
Great  FaLa  upright  converters,  and  it  was  found  that,  in  order  to 
get  good  and  consistent  results,  it  was  essential  to  have  a  large 
quantity  of  white  metal,  as  pure  as  possible,  before  beginning  the 
selective  blow  ;  a  very  suitable  quantity  was  two  ladles,  or  about 
15  tons.  When  the  selective  blow  was  finished,  about  thiw* 
quarters  of  a  ladle  of  white  metal,  containing  about  S  tone,  was 
poured  off,  while  a  similar  quantity  of  blister  remained  in  th» 
converter  ;  the  impoverished  white  metal  could  then  be  blown  to 
blister  separately,  or  fresh  matte  could  be  added  to  it. 

In  this  way  there  was  no  necessity  to  tap  the  copper  direct  froin 
the  base  of  the  converter  ;  this  method  has  been  used  in  the  past 
in  more  than  one  smelter. 

The  late  Henry  F.  Collins  used  it  at  the  Cueva  de  la  Mora  smelter 
in  the  south  of  Spain,  two  papers  of  his  on  this  subject  having  beeD 
published  in  the  Transactions  of  the  Institution.* 

■Note  OD  the  conceiitrstioD  of  ^Id  in  bottoms  in  the  Donvert«r.  M, 
1914-15,  489-94. 

Not«  on  the  purity  of  eelectod  copper  made  in  er 
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Notes  on  Mining  Education  and  Postgraduate 
Training 

J.   A.   S.   BITSON,   O.B.E.,   D.B.O.,   M.O.,   HBHBBR 


Further  contributed  remarks  on  paper  published  in  Bulletin  511, 
June  1949 

Mb.  rboinald  s.  h.  bighabdb  :  As  one  who  has  been  right 
through  the  mill,  and  held  every  position  possible  in  a  mine  from 
mucker,  driller,  shiftboss,  foreman,  to  superintendent  and  general 
manager,  I  have  found  very  interesting  the  paper  by  Professor 
Bitson  and  the  discussion  which  has  followed. 

Personally,  I  should  never  put  a  young  graduate  on  to  a  two-year 
course  of  practical  work  with  the  status  of  a  learner  (although  I 
did  one  year  and  nine  months  myself) — three  months  is  quite 
sufficient.  As  a  mine  superintendent  I  have  trained  quite  a  number 
of  young  graduates,  the  majority  of  whom  had  received  no  previous 
practical  training  whatsoever.  My  method  was  to  give  them  a 
fortnight  or  so  on  drifters,  a  week  or  so  on  jackhammers  and 
stopers,  a  few  days  with  drill-fitters  and  pipe-fitters,  a  week  or  two 
charging  and  blasting,  a  couple  of  weeks  as  assistant  to  a  chargeman, 
and  then  time  studies  on  mucking  and  tramming,  followed  by 
time  studies  of  drilling,  followed,  perhaps,  by  timbering  or  time 
studies  of  haulage,  hoisting,  etc.,  reports  being  called  for  from 
each  operation.  At  the  end  of,  say,  three  months  the  graduate 
would  be  placed  in  charge  of  a  development  end  where  details  and 
time  studies  of  all  operations  were  called  for,  the  graduate  being 
encouraged  to  make  suggestions  and  criticism,  often  being  allowed 
to  try  out  his  suggestions.  In  nine  cases  out  of  ten  the  graduate 
became  quite  an  enthusiast  in  a  very  short  time. 

Before  the  graduate  became  tired  of  the  single-end  job  he  would 
be  put  in  charge  of  two,  three  or  more  development  jobs,  including 
rising  or  sinking,  whenever  possible.  During  this  period  of  training 
the  graduate  would  have  direct  access  to  the  mine  superintendent 
for  reporting  and  discussion,  thus  a  certain  number  of  working 
faces  would  receive  special  attention  and  the  graduate  already  had 
an  interesting  job.  After  two  or  three  months  of  this  class  of  work 
the  graduate  would  be  put  on  to  efficiency  studies,  such  as  explosive 
consumption  per  ton  of  mineral  broken,  per  metre  of  advance, 
etc.,  metres  drilled  per  machine  shift,  or  tons  per  metre  drilled, 
etc.  Numerous  possibilities  will  suggest  themselves  to  the  mine 
manager.  Well  before  the  end  of  one  year  the  graduate  was  more 
than  earning  his  salary,  whilst  he  had  the  satisfaction  that  he  was 
doing  a  job  of  work,  steadily  gaining  experience  and  status,  at  the 
same  time  learning  to  handle  men  by  close  contact  with  them. 
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Occasionally  1  would  Bend  them  through  the  mine  to  stady  the 
ventilation  or  congumption  of  timber,  always  choosing  jobe  for  tha 
graduate  which  would  give  me  some  valuable  information,  and  for 
which  I  could  not  spare  any  of  the  normal  mine  staff.  Whenever 
the  graduate  showed  enthusiasm  and  promise  I  always  increased 
his  salary  before,  it  was  due  by  contract,  this  in  my  opinion  being  & 
very  important  item  in  the  training  of  good  asflistaata. 

Mb.  RALPH  SYMOSB :  It  was  not  my  intention  to  contribute  to 
this  discussion  but  the  drastic  changes  suggested  by  some  membera 
incline  me  to  the  opinion  that,  before  any  fluch  changes  are  made, 
as  many  ideas  as  possible  should  be  gathered  from  practising 
engineers. 

The  prospect  of  It-ngthening  the  University  course  in  mining  to 
six  years  ts  rather  a  frightening  one  and  not  likely  to  commend 
itself  to  parents  who,  in  these  difficult  times,  are  seeking  a  suitable 
professional  career  for  their  sons  in  return  for  a  reasonable  expendi- 
ture in  educating  them  for  it.  The  probable  result  of  introducizig 
such  a  change  would  be  a  contraction  in  the  numbers  of  graduates 
entering  the  industry. 

Nor  do  1  think  a  comparison  with  professions  such  as  law  aod 
medicine  a  fur  one.  In  those  professions,  soitabie  qnalifioationi 
are  a  sine  ^la  turn  whereas  in  mining,  the  qualified  man  has  to 
compete  with  nnqaalified  people  who  are  able  to  rise  to  the  top 
poaitions  in  the  industry.  Furthermore,  mining  is  a  hasftrdout 
occupation  and  therefore  the  University  course  should  not  be  too 
long. 

In  certain  continental  countries,  the  title  of  '  Engineer  '  has  the 
same  status  as  '  Doctor  '  and  is  used  in  a  similar  way.  It  is  granted 
only  to  those  who,  having  passed  a  University  course  of  four  years. 
spend  at  least  two  further  years  practising  and  then  submit  a 
thesis  on  some  mining  project.  But,  in  return  for  this  extra  time, 
the  senior  positions  in  the  mining  industry  are  only  available  to 
qualified  engineers.  If  such  a  change  were  contemplated  in  British 
practice,  I  believe  the  effects  would  be  entirely  beneficial,  but  I 
would  not  welcome  any  lengthening  of  University  courses  otherwise. 

I  agree  that  the  essential  aim  of  mining  schools  must  be  to  turn 
out  their  graduates  with  a  sound  theoretical  training  and  to  this 
end,  unlike  some  contributors,  I  believe  that  the  earlier  the  '  sheet 
anchors  '  of  mathematics,  chemistry,  and  physics  ore  taught,  the 
better.  But  there  is  no  reason  why  the  onus  of  providing  the 
practical  experience  should  fall  wholly  on  the  industry.  In  my 
day  at  the  Royal  School  of  Mines  any  man  who  had  conscientiously 
carried  out  the  course  was  a  first-class  surveyor,  a  fair  assayer 
and  had  a  good  working  knowledge  of  ore-dressing.  In  these 
branches,  my  experience  has  been  that  the  B.S.M.  man  need  fear 
no  competition  from  other  mining  graduates.  The  reason  for  this 
is  not  far  to  seek — there  was  a  long  practical  course  in  surveying 
in  a  mine  owned  by  the  School  and  the  assay  and  ore-dressing 
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laboratories  were  probably  the  finest  in  the  world.  On  the  other 
hand,  the  B.S.M.  man  did  sometimes  find  himself  at  a  disadvantage, 
particularly  in  comparison  with  Canadian  and  American  graduates, 
in  the  all-important  matter  of  practical  underground  mining. 

To  overcome  this  admitted  defect,  I  would  advocate  that  the 
Boyal  School  of  Mines  supplement  its  course  with  a  practical  mining 
course  in  its  own  mine  to  be  held  during  the  vacations.  The 
course  should  be  supervised  by  a  teacher  who  has  had  long 
experience  as  a  mine  captain,  and  practical  and  viva  voce  examina- 
tions should  complete  each  section.  The  students  should  be 
arranged  in  gangs  and  each  student  should  have  his  turn  as  leader 
in  charge  ;  in  this  way  all  would  learn  to  give  and  receive  instruc- 
tions. Any  student  who  failed  the  practical  course  should  be 
obliged  to  repeat  it.  Throughout  the  course,  safety  and  mining 
regulations  should  be  stressed.  Summer  vacation  courses  at  other 
mines  should  be  abolished  ;  I  agree  with  Mr.  J.  A*C.  Bergne — they 
are  a  joke. 

I  believe  if  some  such  scheme  were  carried  out,  a  graduate 
leaving  the  Boyal  School  of  Mines  would  enter  his  first  job  with  a 
good  deal  more  confidence  than  he  does  now.  Moreover,  practical 
underground  courses  under  the  eyes  of  the  College  staff  would 
quickly  reveal  the  *  misfit ',  who  could  then  be  advised  to  transfer 
to  some  allied  but  more  theoretical  course. 

If  any  changes  are  needed  in  the  subjects  taught  at  the  Boyal 
School  of  Mines,  I  would  suggest  courses  in  mining  law  (safety 
regulations)  and  the  riduments  of  building  and  planning  of  surface 
layouts,  including  houses,  compounds,  change  houses,  sanitation, 
etc.  Included  in  the  survey  course  should  be  a  viva  voce  examina- 
tion in  plan  reading — it  needs  considerable  practice  to  be  able  to 
grasp  quickly  a  plan  of  a  strange  mine  which  was  drawn  by  another 
person. 

To  counteract  the  tendency  to  overspecialize  by  students  taking 
technical  courses,  I  would  suggest  that  they  be  encouraged  to 
devote  some  time  to  activities  such  as  sports,  non-technical  discus- 
sion groups  and  debating  societies,  etc.,  and  that  achievement  in 
these  directions  should  receive  merit  towards  the  student's  degree. 
Non-participation  in  outside  activities  should  bar  progress  in  the 
course.  Mining  students  should  be  made  to  realize  that  a  manager's 
responsibihties  necessitate  an  interest  and  a  competency  in  matters 
divorced  from  mining.  I  cannot  see  that  any  useful  purpose  would 
be  secured  by  continuing  the  study  of  classics  at  the  University  ; 
I  feel  that  if  the  student  comes  to  the  University  with  a  sound 
general  education  he  will  continue  *  Uberal  *  studies  when  he  has 
more  time  at  his  disposal,  i.e.,  after  graduation,  and  what  is  more 
important,  he  will  then  do  so  of  bis  own  free  will.  Nevertheless,  I 
agree  that  some  training  in  clear  and  concise  expression  both  in 
speech  and  writing  should  form  part  of  the  University  course. 

The  newly-fledged  graduate  on  entering  his  first  job  will,  in 
most  cases,  be  confronted  with  the  task  of  settling  down  in  a  strange 
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country  and  absorbing  the  language  and  customs  thereof.  More- 
over, be  will  be  debarred  by  law  from  taking  any  direct  responsibility 
until  he  has  spent  some  considerable  period  aoquiring  uaderground 
experience  and  then  passing  exaininations  for  the  necessary 
certificates  of  competency.  It  is  during  this  period,  I  submit,  tiut 
the  true  function  of  the  industry  hes  in  preparing  j'oung  graduatci 
for  their  jobs.  I  agree  with  Mr.  Thomas  Pryor  tliat  this  preparatitn 
Bhould  not  be  in  the  form  of  a  standard  postgraduate  course  but 
more  of  the  type  advocated  by  Messrs.  S-  E.  Taylor  and  G.  Keith 
Allen — viz.,  that  the  graduate  should  be  given  official  status  straight 
away  aa  a  '  technical  assiatant '  (the  terra  '  learner  '  is  unnecessarily 
humiliating  and  should  be  dropped)  and  that  the  object  of  tha 
training  should  be  to  turn  him  into  an  efficient  shift  boas  in  the 
shortest  possible  time.  After  some  time  spent  on  various  jobs  under 
the  wing  of  experienced  miners,  he  should  become  au  assistaol 
shift  boss  gradually  acquiring  responsibility  until  he  has  reached 
the  stage  where  he  can  be  appointed  shift  boss  with  full  responsi* 
bility  for  a  section  of  the  mine  ;  the  length  of  time  this  would  take 
■would  depend  largely  on  the  capacity  of  the  individual  concerned,, 
but  if  the  R.S.M.  course  were  revised  as  suggested  the  graduat* 
flhould  be  able  to  reach  the  shift-boss  stage  within  six  to  tweha, 
months  of  starting,  according  to  his  progress. 

I  do  not  myself  believe  that  it  is  necessary  or  desirable  that  a 
graduate  should  spend  time  in  the  ancillary  departments  of  the 
mine  such  as  survey  office,  assay  office,  study  department,  etc.,  at 
this  early  stage.  With  his  training  he  will  not  be  able  to  avoid 
learning  much  about  the  activities  of  these  departments  while  he 
is  in  the  mine.  Later,  after  he  has  reached  the  shift-boss  stage, 
be  should  be  allowed  and  encouraged  to  pay  visits  to  these  depart- 
ments and  should  particularly  be  given  every  facility  to  beooma 
thoroughly  acquainted  with  the  underground  plans.  I  regard  it  u 
most  important  that  the  mining  graduate  should  be  identified  with 
the  underground  department  from  the  outset  of  his  career,  in 
travelhng  from  one  department  to  another  on  a  fixed  timetable, 
the  young  engineer  is  nobody's  '  baby '  and  tends  to  take  only  ■ 
peripatetic  interest.  Eight  through  the  training  period  regular 
reports  should  reach  the  manager  about  graduates'  work  and  ea^ 
graduate  should  have  an  interview  alone  with  the  manager  once  a 
month. 
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NOTICE  OF  GENERAL  MEETING 

The  Second  OrduMMry  General  Meeting  of  the  Fifty-Ninth  Session  of  the 
Institution  of  Mining  and  Metcdlurgy  will  be  held,  by  kind  permission,  in  the 
Apartments  of  the  Geologiccd  Society  of  London,  Burlington  House,  Piccadilly, 
London,  W.l,  on  Thursday,  I 7th  November,  1949,  at  6  p.m. 

The  following  papers  will  be  submitted  for  discussion  :  Factors  affecting  the  rate 
of  formation  of  zinc  ferrite  from  zinc  oxide  and  ferric  oxide,  by  Mr.  D.  W.  Hopkins, 
X.8C.,  A.I.M.,  of  the  University  College  of  Swcmsea  (published  in  the  October 
Bulletin) ;  Gold  concentration  at  the  Amalgamated  Banket  AretJUf  reduction  plant,  by 
Mr.  G.  Chad  Norris,  Member,  of  the  West  African  Gold  Corporation,  Ltd. ;  and 
Some  notes  on  a  mechanical  concentrator,  by  Mr.  T.  Haden,  b.e.m..  Associate  Metnber, 

Light  refreshments  will  be  provided  at  4.30  p.m.  for  members  and  visitors 
attending  the  Meeting. 

The  Council  invite  written  contributions  to  the  discussion  of  papers  fix)im 
members  who  may  be  imable  to  be  present  at  the  Meetings  of  the  InatitaUon. 
The  Council  reserve  the  right  to  edit  and  condense  such  contributions. 


The  Institution  as  a  body  is  not  respotisibU  for  the  statements  made  or  opinions 
expressed  in  any  of  its  publications 
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INSTITUTION  NOTES 


FILM  SHOWING— 1  DECEMBER 

The  Zinc  Corporation,  Ltd.,  have 
kindly  lent  the  Institution  their  film 
of  the  activities  of  the  Coiporation  and 
•of  New  Broken  Hill  Consolidated, 
Ltd.,  at  Broken  Hill,  and  it  will  be 
«hown  on  Thursday,  1st  December, 
1949,  at  the  Mining  Theatre  of  the 
Royal  School  of  Mines,  Prince  Consort 
Road,  South  Kensington,  S.W.7.  The 
-.showing  will  begin  at  5  p.m.  and  will 
last  about  an  hour.  Members  and  their 
friends  are  most  cordially  invited. 
Admission  Will  be  firee,  without  ticket. 

NEWS  AND  VIEWS 

The  Council  of  the  Institution  wish 
to  begin  a  new  section  in  the  BuUHin 
which  they  hope  will  be  used  by  mem- 
bers of  all  classes  for  contributing  news, 
ideas  and  observations  on  their  work 
and  the  industry.  The  Institution's 
publications  do  not  at  present  provide 
space  for  brief  notes  and  correspond- 
ence, and  it  is  proposed  to  meet  this 
need  by  introducing  the  new  feature. 

The  Council  trust  that  the  new  section 
will  be  welcomed  by  members  and  that 
there  will  bo  a  ready  response  to  this 
invitation  for  contributions.  All  com- 
munications for  publication  should  be 
sent  to  the  Secretary.  It  will  bo  under- 
stood that  the  responsibility  of  deciding 
to  publish  communications  and  to  edit 
them  must  remain  with  the  Council. 


year  in  the  U.S.A.  There  is  no  fixsd 
stipend,  but  the  emolunient  •ttadung 
to  each  Fellowship  provides  for  • 
minimum  of  $3,350  for  twelve  monthi. 
plus  the  cost  of  travel  to  and  from  the 
United  States.  It  is  calculated  to  cover 
the  full  expenses  of  residence,  stndj 
and  travel,  and  the  Directon  of  the 
Fund  are  prepared  to  pay  an  additional 
stipend  to  married  men  or  women. 

Four  categories  of  Fellowahips  vn 
offered :  20  Ordinary  FeUowships,  5 
Home  Civil  Service  F^ow8hi|ta,  5 
Domuiion  Civil  Service  FeUowshipi. 
and  2  Colonial  Civil  Service  Felhm* 
ships.  Candidates  should  be  between 
23  and  35  years  of  age.  OrdiDary 
Fellowships  are  offered  to  candidatfli 
domicUed  in  the  United  Kingdom  uriw 
are  graduates  of  British  univenuties  or 
graduates  of  recognized  univenuties  in 
other  parts  of  the  Empire.  Home  Civfl 
Service  Fellowships  are  open  to  candi- 
dates holding  permanent  appointmenti 
in  the  higher  ranks  of  the  Civil  Service 
in  Great  Britain.  The  Dominion  and 
Colonial  Civil  Service  Fellowships  an 
offered  to  candidates  employed  over- 
seas by  Dominion  or  Colonicd  Govern- 
nient«. 

Full  particulars  and  forms  of  appli- 
cation (returnable  by  15th  December, 
1949)  may  be  obtained  from  the 
Secretary  to  the  Committee  of  Award, 
35,  Portman  Square,  London,  W.l. 


LIBRARY  SERVICE- 
TRANSLATIONS 

The  Council  of  the  Institution  wish 
to  form  a  panel  of  translators  from 
among  members  of  the  Institution  for 
the  translation  of  technical  articles 
required  by  members,  the  cost  of 
which  would  be  borne  by  the  members 
for  whom  the  translations  were  made. 
Members  willing  to  trcmslate  articles 
are  invited  to  notify  the  Secretary  of 
the  languages  and  subjects  they  would 
imdertttke,  and  terms  of  remuneration. 

It  is  hoped  that  in  this  way  a  trans- 
lation service  may  be  established. 

THE  COMMONWEALTH  FUND 
FELLOWSHIPS 

The  Commonwealth  Fund  of  New 
York  have  decided  to  offer  in  1950  a 
number  of  Fellowships  tenable  for  one 


REMAINING    MEETINGS    IN   THE 
SESSION   1949-1950 

The  dates  of  the  General  Meetings,  to 
be  held  on  the  third  Thiu^day  in  each 
month,  during  the  remainder  of  the 
Session  are  as  follows  : 

15th  December,  1949 
19th  January.  1950 
16th  February,  1950 
16th  March,  1960 
20th  April.  1950 
18th  May,  1950 
15th  June,  1950 

PAPERS     FOR     DISCUSSION    AT 
SUBSEQUENT  GENERAL 
MEETINGS 

The  following  programme  of  papen 
has  been  arrao^jj^ed  for  the  December 
and  Janiiary  General  Meetings  : 


1949 
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Ul 


at:  Managemeni in indusiry, 
HiU,    B.Sc.    (Min.),    B.A., 

residential  Address   to   the 

Metallurgical  and  Mmmg 
South  Afi4ca,  and  repub- 

16  July,  1949,  issue  of  the 

:  An  mUline  of  underground 
U  Muftdira  Copper  Mines, 
r.    P.    Norrie    and    W.    T. 


GENERAL  MEETING 

b  Ordinary  General  Meeting 
ion  was  held  on  Thursday, 
)er,  at  Burlington  House, 
papers  were  submitted  and 
n  the  absence  of  the  authors, 
eadle  of  the  Dust  and  Venti- 
xtment,  Transveuil  Chamber 
Qtroduced  the  first  paper — 
the  wet  kata  thermometer  on 
rarand,  by  Mr.  P.  H.  Kitto — 
W.  Smith,  Member,  intro- 
paper  entitled  Investigations 
iuclion  of  electrolytic  co6a2t 
pper-cobaU  flotcUion  concen- 
issrs.  H.  L.  Talbot  and  H.  N. 
report  of  the  discussion  will 
)d  in  the  December  issue  of 


I  FROM  ABROAD 

ncU  are  always  anxious  to 
t>ers  who  come  to  England 
g  absence  abroad,  and  ask 
bers  to  make  themselves 
he  Secretary  when  attending 
letings  of  the  Institution  at 
House. 

PES  FOR  ADMISSION 

welcome  commnnirattona  to  sMlBt 
ling  whether  the  qualiflcfttioQB  of 
•dmiflBion  into  the  inititation  fulfil 
its  of  the  Bye-laws.  The  application 
iatee  (other  than  thoee  for  Stadent- 
)en  for  inroection  at  the  office  of  the 
a  period  of  at  least  two  months  from 
)  Bulletin  in  which  their  applications 

(owing  have  applied  for 
ice  13th  October,  1949: 

lEBSHIP 

Airth  {Blyvooruitsig,  Trans- 

V^atson     Connor     {Banstead, 

VTivian     Cunliffe     (Bushtick, 

Rhodesia), 

jglas    Dixon    {Marikuppam, 


Redvers     Buller     Greaves     (Bindura, 

Southern  Rhodesia), 
Bertram  Alan  Miller  (London). 
James  Malcolm  Newman  {D'Aguilar, 

Queendand,  Australia), 
Cyril  John  Douglas  Veal  {Johannetburg, 

Transvaal), 

To  AssociATiB  Membership 

Philip  Charles  Metcalfe  Bathurst  (Oer- 

miston,  Transv€ud), 
Dudley     John     Batzer     {Kingsbridge, 

Devonshire). 
Jack  Menneer  {Bogota,  Colombia). 
Dean  Arthur  Oliver  Morgan  (Bulawayo, 

Southern  Rhodesia). 
David  John  Penney  ( Yauricocha^  Peru). 

The     following     have     applied     for 
admission  since  13th  October,   1949 : 
To  Membership 

OUver     Bosshardt     Bennett     (Nkanat 

Northern  R?iodesia). 
Eric   Frank  Marland  (Springs,  Trans- 

wud). 

To  Associate  Membership 

William  George  Collins  (Camwath, 
Lanarkshire). 

Bruce  Crawford  (London). 

Norman  Evelyn  Dougans  (Johannes- 
burg, Transvaal). 

GeofiErey  Luther  Evans  (London). 

Henry  Alfred  Page  Hetherington 
(Staines,  MiddUsea^. 

Alexander  George  Scoular  (London). 

Dayatissa  Seneviratne  (RuanweUa, 
Ceylon). 

Donidd  Lindsay  Tumbull  (Mufulira, 
Northern  Rhodesia). 

Edwin  Charles  Young  (Mbaraira, 
Uganda). 

To  AVFILIATESHIP 

Robert  Hermann  Alexander  Neuschild 
(Enfield,  Middlesex). 

To  Studentship 

John  Anthony  Eaton  Allum  (London). 

Kenneth  Ernest  Sylvester  Applin  (Cam- 
borne, ComuHill). 

John  Lindon  Ashford  (Chandlers  Ford, 
Hampshire). 

Anthony  Ren6  Barringer  (London).   • 

John  Hunter  Bonnie  (Camborne^  Com- 
%vaU). 

James  Gerald  Brading  (Purley,  Surrey), 

Brian  Buckley  (Doncaster,  YorkMre). 

Michael  Henry  Cleary  (Camborne,  Corn- 
wall), 

Harry  Kemp  Cole  (Bedford,  Bedford- 
shire). 


IV  THA 

John   Hamilton   Crawfonl   (Kalgnorlir, 

WaUm  Auatnlia). 
Micbaal  Dors  CruikahankE  {Heme  Bay. 

Kent), 
Keith    FranciB    Gosling    (.W(.    Hawkt. 

ComiPidl). 
ThoiDBa  Albert  Wiafield  Haddon  (Cam- 

fromf,  {'omiPoJI). 
Proderiek  John  Tiw-or  HaneoL-k  (Kid- 

ifirmjrufer,  WoreexltTahiTt). 
Robert  WiUioni  Alan  Honael  {SI.  livt, 

CormeaO). 
Peter  Heiiry  Ueorge  Hayword  (LoiWoriJ. 
Thomaa  Andrew  Henderatiti   [Hexham, 

North  umbtTlantl) , 
John      Mic^hoel       Wren       Humphreys 

{London). 
LeongSing  Lim  ICambomr,  Camwall). 
Tony     Bernard     Lock    {Kiniilun  ■  mi  ■ 

Thames,  Snrrni). 


Thoinaii    (>Hivald    Mnrtyn    (Wodebriilit. 

Cornvrall). 
John  Wftllon  Martvr  {Cambonu.  Con-  i 

Willitun     Garth     Barringt^n     Philip  I 

(Fram/inflfcoBi.  Si^ffoUc).  ' 

James  Potter  {Si.  /wj.  Coma'aU). 
Krodorirk  Raynes  (Camborne.  Comwallj. 
Peler      William      Edward      Rii^hardun 

{Camhonie.  ComimU). 
Mohan  Singh  {Cambome,  Carnu,-all\.  ' 

Miohael   Wyndiiam   Stephenson  {Can- 

bonie,  ComuxiU). 
Arthur  Raymond  Troll  {OMctktad.  Co. 

Fhtrhani), 
Pewr  Lli)jd  Walker  {Uifliwi). 


TRANSFERS  AND  ELECTIONS 


The  following  were  iraiul'errcd  (suli- 
ject  to  conflnnatioii  in  acciirdiwioe  with 
tbeoonditiongof  the  Bye-Laws)  on  13th 
October.  1949  ; 

To  Mkmbebship 
Henry  Thomaa  James  Edward  Itarkpr 

{Stinkier,  Soulliem  Rhoderla). 
Jiunea    Horbort     Bonnctta     \''amhorttr. 

Cornwall]. 
WUliain  David  Evaia  {Notlii>;ilaim]. 
Henrj-    Nisbet    Lightbody    (f^iir    Que, 

Southern  Rhoiltitia). 
Ben  Lightfoot  {Maidenhead,  Herhihin). 
Prank    Pinnev     Longmire    {Wiireham. 

Dorget). 
Richard   Bradford   McConnpU    (Kiu/miri 

Junction,  NorOiem  Xigeria). 
Charl™        Harold        Williani        Martyn 

{London). 
William  Edward  Sinclair  (Kwtja'.  CI'.. 

South  Africa). 
Frederick  Charles  WiUoughhy  {FHabv^i. 

Southern  Rhodfeia). 

To  Associate  Membxbship 
Anthony   Vernon  Bradshaw  {Altmtejo, 

Portugal). 
Denia    Bridgor    (Kittve,    Norlhem    R}u>- 

Ronald  Frederick  Jarvia  {Marikuppam, 

South  India). 
Fadil  Kheiry  Kabbani  {Jtddah,  Saudi 

John  Eddy  Kemick  {Champion  Retja, 

South  India). 
Wilfred   Henry  John  Luck  {Que   Qut, 

Southern  Rhodena), 


David    Ronald    Mitchell    (C>OH*orotiJ*. 

Oennia     Frederick     Ree\'c«     {Buiatu, 

.WoTthem  Nigeria). 
James  Ryan  {Liianihya,  Sorlhtrn  BA» 

l.indaay       Lee       Sheaior       {liufolin. 

Xorihem  Rhodxsiii). 

The  following  were  eWt4<cl  (subjert  lo 
i-iiuftnnatioQ  in  at'cordajice  with  th» 
conditions  of  the  Bye-Laws)  uit  llth 
October.  1949: 

To  Membbbsbip 

Roborl  I*pBOB  {Trondheim,  Xonro^). 
n..nuld  McDonald  {Beelenhaix.  Kenl\. 


(ienrgf*      Milton      Bamett       (.Vtcon*. 

Cyprua). 
l.Eiiice  (lordon  F.arto  {Briglol,  GloticuUr- 

lAxre). 
Daniel  Aloysius  Horkin  {Dodonia,  Tan- 

ganyika  Territory). 
D.  Thyagaraja  Iyer  {Champion   Rt^t, 

South  India). 
Syed  Kozim  {Hyderabad.  India). 
John    Edward    Howse    Keylock    [Jot, 

Northern  Nigeria). 
John       Cecil       McMullin       {Mbann, 

Uganda). 
Kabool    Chand    Maithal    {RuiranuitBa, 

CeyUm). 
Kenneth     Chariea     Braman     Morriion 

{Tarkvia,  Gold  CoaM). 
George  Edward  Cunynghame  RoberMon 

{Kimimu,  Kenya). 
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Robert        Whatmough        {KcUcamega, 

Kenya), 
Alan   James   Wilson   (Oorgaum,   South 

India). 

To  Atfiliatbshif 
David  Faunch  (Wembley  Park,  Middle- 

sex). 
Arthur  Griffith  (London). 
Harry     Albinson     Mellor     (Orpington, 

Kent). 

To  Studentship 
•John  Walsh  Barnes  ( Wellington,  Shrop- 

ahire). 

jmSWS  OF  MEMBERS 


William  Edward  Cliff  (Camborne,  Com- 
wall). 

Robert  Edwin  Laurence  (Bendish,  Hert- 
fordshire). 

Alan  By  Nichols  (Camborne,  Cornwall). 

Dennis  Michael  0*Donahue  (Camborne, 
Cornwall). 

Peter  John  Hedley  Rich  (London). 

David  Cowper  Tennent  (Dttnedin,  New 
Zealand). 

Brian  Harry  Coles  Waters  (Cambridge). 


Members,  Associate   Members,  Affiliates,  and  Students  are  invited   to  supply  the 
Secretary  wUh  personal  news  for  publiccUion  under  this  heading 


Mr.  J.  D.  AiTKEN,  Member,  is  now  in 
England  on  leave  and  returns  to  India 
at  the  end  of  the  month. 

Mr.  K.  L.  Allen,  Student,  has  left 
England  to  take  up  the  position  of 
mining  engineer  to  Cerro  de  Pasco 
Copper  Corporation,  Peru. 

Mr.  H.  Arnall,  Member,  expects  to 
.arrive  in  England  from  Nigeria  towards 
the  end  of  this  month. 

Mr.  A.  M.  Babinoton,  Student,  has 
returned  to  England  on  leave  on  the 
completion  of  his  agreement  with 
Rosterman  Gold  Mines,  Ltd. 

Mr.  J.  W.  Barnes,  Student,  has  left 
Elnglcmd  to  take  up  the  appointment  of 
.geologist  to  the  Colonial  Greological 
Survey  of  Uganda. 

Mr.  D.  J.  Batzer,  Student^  has  left 
England  to  join  A.O.  (Malaya),  Ltd., 
Kuala  Lumpur. 

Mr.  R.  Blanch ARD,  Member,  hc» 
returned  to  Sierra  Madre,  California. 

Mr.  C.  M.  Carroll,  Member,  sailed 
last  month  for  Peru  after  a  visit  to 
England  and  the  Continent. 

Mr.  J.  T.  Chappel,  Member,  is 
returning  to  Malaya  this  month. 

Mr.  A.  J.  M.  Clesham,  Student,  is 
leaving  England  to  take  up  an  appoint- 
ment with  Roan  Antelope  Copper 
Mines,  Ltd.,  Luanshya,  Northern  Rho- 
deaia. 

Mr.  W.  H.  Collins,  Associaie  Member, 
has  returned  to  Englcmd  on  three 
months'  leave  from  Northern  Nigeria. 

Mr.  P.  H.  CowDERY,  Student,  is  now 
employed  at  HoUinger  Consolidated 
Gold  Mines,  Ltd.,  Timmins,  Ontario. 

Mr.  A.  L.  Crockford,  Student,  is  now 
in  Hollcmd  in  the  employ  of  the  Anglo 
Saxon  Petroleum  Company,  Ltd. 


Mr.  H.  N.  B.  Dover.  Associ€Ue 
Member,  has  been  transferred  from 
Colombia  to  Venezuela  by  the  Com- 
pania  de  Petroleo  Shell  de  Colombia. 

Mr.  J.  C.  Erskine,  Associate  Member, 
has  left  for  Nigeria  to  take  up  his  duties 
as  Inspector  of  Mines  at  Jos. 

Mr.  D.  F.  Fairbairn,  Associate 
Member,  has  taken  up  an  appointment 
with  the  Colonial  Development  Corpor- 
ation in  Tanganyika. 

Mr.  K.  R.  Fleischman.  Student,  has 
been  appointed  mining  engineer  and 
metckllurgist  to  Dickson  Primer  and 
Co.,  Pty.,  Ltd.,  Sydney,  N.S.W. 

Mr.  R.  P.  Grosscurth,  Student,  is 
now  at  Boksburg,  Transvaal,  with  Van 
Dyk  Consolidated  Mines,  Ltd. 

Mr.  H.  J.  E.  Haogaro,  Student,  has 
left  England  for  Consolidated  African 
Selection  Trust,  Ltd.,  Gold  Coast. 

Mr.  C.  E.  H.  Hall£,  Student,  has  left 
this  country  to  take  up  a  three-year 
contract  with  Cerro  de  Pasco  Copper 
Corporation,  Peru. 

Mr.  E.  G.  Harding,  Member,  hc» 
been  promoted  from  assistant  consulting 
engineer  to  consulting  engineer  of 
African  Associated  Mines,  Ltd.,  Bula- 
wayo.  Southern  Rhodesia. 

Mr.  W.  Hoatson,  Associate  Member, 
is  on  leave  in  the  United  Kingdom  and 
intends  to  return  to  Southern  Rhodesia 
eckrly  next  month. 

Mr.  J.  H.  HoHNEN,  Associate  Member, 
has  been  appointed  general  manager  to 
New  Guinea  Gold  Fields,  Ltd. 

Mr.  W.  T.  Hooper,  Associate  Member, 
expects  to  return  to  England  on  leave 
from  the  Grold  Coast  at  the  end  of  this 
month. 
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Hr.  jr.  L.  JoixT,  AttoeiaU  Af  ember. 
ha«  reoentlj'  »cceipt«d  a  poRition  as 
Inqwctor  of  Hinea,  Broken  Hill,  with 
the  New  South  W»lee  Hinefe   Dopart- 

Dr.  R.  B.  McComiELL,  Anfociair 
Member,  is  returning  to  Engltuid  on 
le«ve  &«m  Northern  Nigeria. 

Mr.  P.  H.  HcDoUAIX,  Menibrr.  has 
left  England  on  a  visit  to  Portugal. 

Hr.  R.  K.  McLeod,  Associate  Mumber, 
has  returned  to  the  Department  of 
Loads  and  Mines  at  Tabora,  Tangan- 
yika Territory. 

Mr.  R.  J.  Matthews,  Stvilenl.  hue 
taken  up  an  appointment  with  the 
Conaolidated  Miiung  and  Smelting  Co., 
Ltd,  of  Canada,  at  TraU,  B.C. 

Hr.  H.  R.  M1X.&S,  Atiociaie  Ulemher, 
baa  left  Amalgamated  Banket  Areaa, 
Ltd.,  and  baa  gone  to  Weet«m  Australia, 

Hr.  H.  L.  MncHKLX,  Sltiilcnl,  has 
retnmed    this    month    to    the    United 

jifr.  V.  A.  Phuxifs,  Sttident.  has  left 
the  U.S.A.  and  haa  joined  the  Cnvendish 
Laboratory,  Cambridge,  imder  Dr.  E. 

Hr.  J.  H.  PousLASE,  AsMciale 
Mtmbar,  left  England  last  month  to 
remme  hia  position  hi  Ualaya  as 
uaaatant  manager  to  the  Sungei  Beei 
Uinee,  Ltd. 

Mr.  J.  S.  Proud,  Atsocialt  Metnbtr, 
bag  left  South  Africa  for  Canada  via 
England. 

Mr.  D.  H.  Shuts,  AaaociaU  Member, 
expects  to  return  shortly  to  England 
from  tho  U.S.A. 

Hr.  D.  SmpsoN,  Sludmt,  is  now 
assistant  to  the  Head  of  Coal  Prepara- 
tion Research,  National  Cool  Board, 
Chell«nham,  Gloucestershire. 
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Mr,  R.  H.  Skklton,  Afemb«r.  hM 
returned  to  England  from  Ceylon. 

Mr,  N.  R.  SpEVDLOVK,  Sbidenl.  0 
now  in  Northern  Rhodesia,  hsTiog 
taken  up  an  appointment  with  Rbokaua 
Corporation,  Ltd, 

Mr,  K.  L,  G.  Terbeu.,  AtiocinU 
Member,  is  now  engaged  as  survpyor 
and  oBEayer  with  the  Nanwa  Gold 
Mines,  Ltd,.  Gold  Coast  Colony. 

Mr.  P,  A.  W.  TiTTELL.  ,S'Iudr7i',  m 
home  on  leave  from  Malaya. 

Mr.  D,  V.  G.  Tuboaskis.  Sludeni.  hi> 
left  England  for  India  to  take  up  thr 
appointment  of  mining  aaaistaiit  to  lb» 
Indian  Coppsr  C-orpocation.  Ltd. 

Mr.  J.  K.  Walker,  Aaaocioie  Mooha, 
Ilos  recently  returned  to  India  to  tain' 
up  the  appointment  of  underground 
agent  for  the  Champion  Reef  and 
Ooregum  Mine  Joint  Operation  of  lbs 
Kolar  Gold  Fields. 

Mr.  J.  P,  Warnbk,  Student,  has  betn 
appointed  junior  enginoer  in  the  Metal- 
lurgical Department  of  Falconbridgv 
Nickel  Minee,  Lttl.,  Ontario,  a!t<r 
taking  the  Ontario  Miiung  AvO' 
oiation's  one-year  postgraduate  training 

Mr,  P,  W.  Watson,  Sludenl,  is  now  in 
England,  havint;  returned  from  the 
Gold  Con«. 

Mr.  J.  T.  M.  White,  Mtmber,  of  the 
Malayan  Mines  Department,  is  visiting 
England  before  going  to  Australia. 

Mr.  G,  Wii,soN,  Student,  is  leaving  the 
Transvaal  to  join  the  Geological  Depart- 

ADDRESSES  WANTED 
R.  Milton  Thomas  J.  A,  Cocking 

K.  A.  Knight  HaUowes  A.  S.  Refers 
D.  8.  Broadhurst  A.  J.  W.  Watotr 


Malcolm  FEtiaiTSSON  died  in  Johannesbiu^  on  14th  August,  1949,  at  the  ag" 
of  76.  He  was  bom  in  Norfolk,  educated  at  Bedford  Grammar  School,  and 
received  bis  professional  training  at  the  Royal  School  of  Mines  from  1891  to 
1694,  graduating  with  the  A,R.S,M.  in  mining.  In  1893  he  went  to  Jobannesbui)! 
as  sampler  at  the  Robinson  gold  mine,  and  as  assistant  engineer  with  Conaolidated 
Gold  Fields  of  South  Africa,  Ltd.,  In  the  Heidelberg  and  Nigel  Districts.  From 
1896  to  1868  Mr,  Forgiisson  was  manager  of  Central  Lydenburg  Goldfieldl. 
Pilgrims  Rest,  and  then  joined  an  expedition  to  Central  Africa  under  the  joiDt 
auspices  of  the  Royal  Society  and  Royal  Geographical  Society.  In  1901  he  took 
up  the  appomtment  of  assistant  manager  of  Ashanti  Goldfields  Corporation,  Gold 
Coast,  but  in  the  following  year  returned  to  South  Africa  to  serve  as  Inspector 
of  Mines  for  the  Transvaal  and  the  Union  of  South  Africa  for  fifteen  years.  In 
1927  he  was  promoted  Chief  Inspector  of  Mines  of  the  Union  of  South  A&ica,  and 
retired  from  that  position  in  1930.  He  then  became  resident  mining  engineer  of 
the  British  South  Africa  Co.  in  the  Rhodeeian  copper  belt  and  remained  At  Nd(Ji 
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until  1937,  when  he  went  to  live  in  Johannesburg.  He  retained  his  interest  in 
mining  and  was  a  director  of  Apex  Mines,  Ltd.,  at  the  time  of  his  death. 
Mr.  FergusBon  was  elected  to  Membership  of  the  Institution  in  1933. 

Arthur  Warner  Hooke  died  at  Salisbury,  Wiltshire,  on  18th  October,  1949, 

at  the  age  of  68.     After  studying  mining  and  mechanical  engineering  from  1898 

to  1900  at  Sydney  Technical  College  he  had  four  years*  practical  experience  in 

various  mines  in  New  South  Wales,  including  Peak  Hill  Proprietary  mines  and 

Commonwealth  Gold  Extraction  Co.  He  was  assistant  manager  fuid  surveyor  at 

Woliunla  Gold  Mines,  Ltd.,  in  1906  and  then  for  six  months  held  the  appointment 

of  manager.  In  1907  he  became  sub  manager  cuid  e»sayer  to  Tasnuinian  Consols, 

Ltd.,  and  in  the  following  year  was  made  general  manager.  From  1909  to  1910 

Mr.  Hooke  held  the  position  of  manager  of  Montana  Tin  Syndicate,  Tasmania, 

and  later  superintended  sampling  at  the  Dreadnought  mine  for  two  months.  He 

then  joined  Juga  (Nigeria)  Tin  and  Power  Co.,  Ltd.,  as  manager,  and  at  the  same 

time  was  in  charge  of  Lucky  Chance  Mines,  Ltd.,  until  1913,  when  he  was  made 

manager  of  Forum  River  (Nigeria)  Tin  Co.,  Ltd.  Three  years  later  he  accepted 

the  ctdditional  appointment  of  mcmager  of  Bisichi  Tin  Co.  (Nigeria),  Ltd.,  and  in 

1918  was  also  consulting  engineer  to  Ninghi  (Nigeria)  Tin  Co.,  Ltd.  From  1923 

to   1924  Mr.  Hooke  was  general  manager  of  Batura  and  Monguna  tin  mines, 

Nigeria.  In  1932  he  carried  out  examinations  in  Guiana,  euid  in  the  following 

year  was  appointed  general  manager  of  Lower  Ancobra  (Gold  Coast)  Areas. 

From  1935  he  served  for  five  years  as  general  manager  of  Van  Emden  (Dutch 

Guiana)  Gold  Mines,  Ltd.  In  1942  he  returned  to  Bisichi  as  general  manager  imtil 

1947,  taking  over  the  managership  of  Ashanti  Adowsena  Goldfields,  Ltd.,   in 

1948.  He  had  only  recently  retiuned  to  England  from  the  Gold  Coast. 

Mr.  Hooke  was  elected  to  Associateship  of  the  Institution  in  1908,  and  was 
transferred  to  Membership  in  1920. 

Thomas  Campbell  Scrutton  died  in  London  on  27th  September,  1949,  at  the 
age  of  72.  From  1895  to  1896  he  took  the  mechanical  engineering  course  at 
University  College,  London,  and  during  the  following  year  worked  in  the  engineer- 
ing shops  of  Messrs.  Coubro  and  Scrutton  at  Millwall.  He  then  studied  chemistry, 
metallurgy,  mineralogy  and  mining  at  the  Royal  School  of  Mines  for  two  years 
and  in  1899  went  to  Sarawak  prospecting  for  the  Borneo  Co.,  Ltd.  In  1901  he 
became  assistant  mcmager  of  the  Bidi  cyanide  works  of  that  company,  taking 
over  the  management  in  1904.  Later  that  year  he  joined  Malay  Exploration 
Syndicate  as  manager  of  development  and  prospecting  operations  on  tin  properties 
in  Pahcmg,  and  from  1906  to  1908  was  manager  of  Legeh  Concessions  Syndicate 
which  operated  in  Legeh,  Rahman  and  Siam.  Mr.  Scrutton  then  worked  for  seven 
years  in  the  Congo  in  charge  of  prospecting  and  exploration  for  Cie.  des  Chemins 
de  Fer  Grandslacs,  of  Brussels.  He  spent  some  time  in  Uganda,  and  from  1921  to 
1930  was  again  working  in  the  Belgian  Congo.  From  1931  onwards  he  was  in 
practice  in  London  as  a  consultant,  and  was  a  director  of  many  companies, 
including  Lupa  Exploration  Syndicate,  Ltd.,  Northern  Transvaal  Goldfields, 
Ltd.,  Watende,  Ltd.,  Marsman  Metal  &  Trading  Co.,  Ltd.,  Anglo  Eastern  Tin, 
Ltd.,  Anglo  Portuguese  Diatomite  Corporation,  Ltd.,  and  Holly  bush  Trust,  Lt<l. 

Mr.  Scrutton  was  elected  to  Studentship  of  the  Institution  in  1899,  was  trans- 
ferred to  Associateship  in  1902  and  to  Membership  in  1909.  He  served  as  Member 
of  Council  for  the  three  sessions  1935-38.  He  contributed  a  paper  to  the  Transactions 
of  the  Institution  entitled  Notes  on  the  occurrence  and  treatment  of  gold  ore  at  Bidi, 
Sarawak  (vol.  15,  1905-6). 
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Powder    metallurgy    in    Germany 
during  the  period  1939-1945.    By 

R.     A.     Hetzig.     B.I.O.S.     Overall 

Report  No.   20.  London  :  H.M.S.O., 

1949.  27  p.  6d. 

This  report  provides  an  excellent 
appraisal  of  Grermtin  powder  metallurgy 
during  the  war  years. 


Powder  metallurgy  made  two  major 
contributions  to  the  Grerman  war  efifort, 
the  sintered  iron  driving  band  and  hard 
metal  for  cutting-tools  €ind  armour- 
piercing  shot.  Powdered  iron  was  also 
used  to  some  extent  in  small  arms  com- 
ponents and  bearings.  Shortage  of 
copper  restricted  development  in  this 
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field.  The  woric  on  the  lightweight  accu- 
mulators with  plates  of  sintered  nickel 
and  cupro  nickel,  although  not  entirely 
successful,  is  of  interest. 

The  report  gives  a  good  picture  of 
the  size  of  the  industry  and  of  its  rapid 
growth  during  the  war.  In  1944,  for 
instance,  the  Krupp  output  of  tips  for 
cutting  tools  alone  reached  500  tons. 
Nearly  700  tons  of  armour-piercing  shot 
was  produced  in  1940,  aJthough  the 
severe  tungsten  shortage  prevented  this 
figure  being  approached  m  subsequent 
years.  In  contrast  to  this,  shortage  of 
copper  stimulated  the  production  of 
sintered  iron  driving  bands,  an  output 
exceeding  3,000  tons  per  month  being 
reached  in  1944.  Aluminium  flake 
powder  production  amounted  to  12,000 
tons  yearly,  with  an  addition  of  10,000 
tons  of  atomized  aluminium  powder. 

In  mining  applications  considerable 
progress  was  nuade  in  Germany  during 


the  war  on  peroussive  rookdriUi  tipped 
with  hard  metal,  although  undoiibtedly 
a  contributory  factor  in  their  aQoceM 
lay  in  the  use  by  the  Germans  of  li^t, 
fast-hitting  manhines.  In  spite  of  th» 
serious  shortage  of  tun^rten  almost  sS 
chain  coal-cutters  were  tipped  with 
hard  metal. 

In  general,  German  powder  metal- 
lurgy during  the  war  produced  no  out- 
standing innovations,  with  the  possible 
exception  of  iron  powder  manufactorr. 
The  industry  developed  in  size  and 
importcknce  mainly  through  persistent 
refinements  in  te<3mique  m  individual 
processes,  and  in  improvements  in 
equipment. 

The  report  concludes  with  an  excel- 
lent index  to  the  official  published 
reports  and  other  documents  available 
in  England  on  this  branch  of  German 
industry. 

D.  H.  Shite 
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Books  and  Pamphlets : 

BergbaU'ArchiVf  Band  10,  Essen : 
Gluckauf,  1949.  236  p.,  illus.,  ciiagrs., 
tabs. 

Canadian  Mining  Manual^  1949.  Garden - 
vale,  P.Q.  :  National  Business  Publi- 
cations Ltd.,  1949.  349  p..  illus., 
diagrs.,  tabs.,  flowsheets. 

Imperial  Chemical  lNDUSTitiE.s  Ltd., 
Gold  extraction  for  the  small  operator, 
2nd  ed,  London  :  LCI.,  1949.  103  p., 
diagrs.,  tabs. 

Marcossok,  Isaac  F.  Metal  mrigic :  the 
story  of  the  American  Smelting  and 
Refining  Company.  New  York  :  Farrar, 
Straus  and  Company,  1949.  313  p., 
illus.  $4.50. 

*  Metal  industry  handbook  and  director)/ 
1949.  London  :  Gassier.  1949.  476  p!, 
illus.,  diagrs.,  tabs. 

Spalding,  Jack.  Deep  mining:  an  ad- 
vanced textbook  for  graduates  in  mining 
and  for  practising  mining  engineers, 
London  :  Mining  Publications  Ltd., 
1949.  405  p.,  illus.,  diagr.,  tabs., 
glossary,  408. 


Government  Publications : 

National  Coal  Board.  Quarterly  and 
annual  statistical  statement  of  the  cotl4 
of  production,  proceeds  and  profit  or  lots 
of  collieries  for  the  fourth  quarter  of  194S 
and  for  the  year  1948,  London  :  The 
Board,  June  1949.  14  p.,  tabs.  6d. 

National  Coal  Board.  Report  and 
accounts  for  1948.  London  :  H.M.S.O., 
June  1949.  299  p.,  tabs.  6s.  6d. 

Victoria,  Dept.  of  Mines.  Annual 
report  including  gold  and  mineral 
statistics  and  boring  records  for  the  year 
1948.  Melbourne  :  Govt.  Printer,  1949. 
51  p.,  tabs. 

Proceedings  and  Reports  : 

American  Institute  op  Menino  am) 
Metallurgical  Engineers.  Tran- 
sactions, vol.  179,  petroleum  develop- 
ment and  technology,  1949.  N.Y.  :  The 
Institute,  1949.  395  p.,  illus.,  diagrs., 
tabs. 

Maps : 

Banffshire,  Eastern  Elginshire,  Northern 
and  Central  Aberdeenshire,  and  parts  of 
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EaH  Invemeu-ahire  and  North  Kin- 
eardineshire.  Geological  survey  of 
Scotland.  Sheet  9.  Scale  4  ml.  «  1  in. 
Southampton  :  Ordnance  Survey  Of- 
fice, 1948.  38. 

BrampUm,  Geological  survey  of  England 
and  Walee.  Sheet  18  (solid).  Scale 
1  in.  »  1  ml.  Southampton  (hxlnance 
Survey  Office,  1949.  56. 

Brampton,  Geological  sun'ey  of  EIngland 
and  Wales.  Sheet  18  (drift).  Scale 
1  in.  =  1  ml.  Southampton :  Ordnance 
Survey  Office,  1949.  5s. 

•C/or/M/e.  Geological  survey  of  England 
and  Wales.  Sheet  17  (drift).  Scale 
1  in.  =  1  ml.  Southampton  :  Ordnance 
Survey  Office,  1949.  58. 

<'arp  Lake,  Cariboo  districl,  British 
Columbia,  Geological  survey,  map 
979A.  Scale  1  in.=:  1  ml.  Ottawa: 
Dep.  of  Mines  and  Resources,  1949. 

4Jarp  Lake,  Cariboo  district,  British 
Columbia.  Geologiccd  survey,  nmp 
980A.  SoAle  1  in.=:  1  ml.  Ottawa: 
Dep.  of  Mines  and  Resources,  1949. 

Ihidley,  Geological  survey  of  England 
a&d  Wales.  Sheet  167  (soUd  with 
drift).  Scale  1  in.  =  1  ml.  Southamp- 
ton :  Ordnance  Survey  Office,   1949. 

OS. 

I>umfriesshire,  Central  and  Eastern, 
ItooAurghshire,  Central  and  Southern 
portions,  Selkirkshire,  Central  and 
Southern  portions,  Peeblesshire,  S,  part 
>of  Lanarkshire,  portion  of  S,E,  Geo- 
logical survey  of  Scotland.  Sheet  17. 
Scale  4  ml.  a  1  in.  Southampton  : 
Ordnance  Survey  Office,  1948.  Ss. 

Fifeshire,  Linlithgowshire,  E,  part  Edin- 
burghshire, Haddingtonshire,  Berwick- 
shire, Roskmrghshire,  N,  part  Selkirk- 
shire, N.  part  Peeblesshire,  North  and 
'Central  Lanarkshire,  Geological  survey 
•of  Scotland.  Sheet  15.  Scale  4  ml.= 
1  in.  Southampton  :  Ordnance  Sur\''e3' 
Office,  1948.  3s. 

Forfarshire,  parts  of  Aberdeenshire, 
Kincardineshire,  Perthshire  and  Fife- 
shire. Geological  survey  of  Scotland. 
Sheet  12.  Scale  4  ml.==  1  in.  South- 
ampton :  Ordnance  Survey  Office, 
1948.  38. 


Oddflelds,  Saakaiehewan,  Geological  sur- 
vey preliminary  map  49-17.  Scale 
1  in.  B  ^  ml.  Ottawa  :  Dept.  of  Mines 
and  Resources,  1949.  2  ^eets.  (Pre- 
liminary account.) 

Inverness-shire  {S.  part),  Argyllshire 
{N.E.  part),  Cona  Olen,  Olen  Tarbert, 
Loch  Linnhe,  Fort  William,  Ben  Nevis, 
BaUachulish,  Appin,  Olen  Etive,  Geo- 
logical survey  of  Scotland.  Sheet  53 
(solid  with  drift).  Scale  1  in.s=  1  ml. 
Southcunpton  :  Ordncmce  Survey  Of- 
fice, 1948.  3s.  9d. 

Lizard.  Geological  survey  of  England 
and  Wales.  Sheet  359  (drift).  Scale 
1  in.  =s  1  ml.  Southcunpton  :  Ord- 
nance Survey  Office,  1949.  5s. 

Manchester.  Geological  survey  of  Eng- 
land and  Wales.  Sheet  85  (solid). 
Scale  1  in.  =  1  ml.  Southampton  : 
Ordnance  Survey  Office,  1949.  58. 

Orkney  Islands.  Geological  survey  of 
Scotland.  Sheet  3.  Scale  4  ml.=  1  in. 
Southampton  :  Ordnance  Survey  Of- 
fice, 1948.  38. 

Stirlingshire,  Dumbartonshire,  Renfrew- 
shire, with  parts  of  Lanarkshire,  Ayr- 
shire, Buteshire  and  Argyllshire.  Geo- 
logical survey  of  Scotland.  Sheet  14. 
Scale  4  ml.  :=  1  in.  Southampton  : 
Ordnance  Survey  Office,  1948.  38. 

Sutherlandshire,  Caithness  {West),  and 
Ross  and  Cromartyshire  {N.W.  part). 
Geological  Survey  of  Scotland.  Sheet 
5.  Scale  4  ml.  =  1  in.  Southampton  : 
Ordnance  Survey  Office,  1948.  78.  6d. 

Wem.  Geological  survey  of  England  and 
Wales.  Sheet  138  (drift).  Scale  1  in.  = 
1  ml.  Southampton  :  Ordnance  Survey 
Office,  1949.  5s. 

Weymouth.  Geological  survey  of  England 
and  Wales.  Sheet  342  (drift).  Scale 
1  in.  =  1  ml.  Southampton  :  Ord- 
nance Survey  Office,  1949.  58. 

Wigtownshire,  Kirkcudbrightshire,  Ayr- 
shire, S.  half,  Dumfriesshire,  Western 
portions,  Lanarkshire,  portions  of  S. 
part.  Geological  survey  of  Scotland. 
Sheet  16.  Scale  4  ml.  =  1  in.  South- 
ampton :  Ordnance  Survey  Office, 
1948.  38. 

Wolverhampton,  Geological  survey  of 
England  and  Wales.  Sheet  153  (drift). 
Scale  1  in.  =  1  ml.  Southampton : 
Ordnance  Survey  Office,  1948.  6s. 
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Gold  Concentration  at  the  Amalgamated  Banket 
Areas  Reduction  Plant^ 

6.  CHAD  NOBBIS,t  mbmbbb 


A  paper  pMished  on  lOA  November,  1949»  by  {he  Instihdion  of  Mmrng  and 
MeidUurgy,  to  he  eubmiUedfor  discussion  at  the  November  General  Meeting. 

SYNOPSIS 

The  principal  subject  of  the  proBent  ]>sper  is  a  description  of  mechanical  methods 
which  have  been  introduced  in  place  of  straking  for  the  recovery  of  free  gold  at 
the  reduction  plant  of  Amalgamated  Banket  Areas,  Ltd.  Relevant  to  gold 
concentration  reference  is  also  made  to  the  mineralogical  characteristics  of  this 
banket  ore  ;  the  general  arrangement  of  plant ;  security  aspects  ;  overall  perform- 
ance of  the  plant  when  straking  was  practised  and  as  now  operating ;  the  association 
of  gold  with  ore  minerals  in  relation  to  the  necessity  for  selective  regrinding  of 
such  minerals,  and  alternatives  to  concentration. 

INTRODUCTION 
The  property  of  Amalgamated  Banket  Areas,  Ltd.,  is  at  Tarkwa,  89  mUes 
by  rail  from  the  modern  port  of  Takoradi  in  the  Gold  Coast,  and  includes 
two  of  the  original  (and  in  their  day  prominent)  mines  located  and  worked 
on  the  banket  lode — Tarkwa  and  Abbontiakoon.  Whereas  the  descriptive 
term  '  banket '  originated  in  the  Transvaal  and  was  later  applied  to  the 
auriferous  conglomerates  of  the  Gold  Coast,  it  is  of  interest  that  the  latter 
were,  in  fact,  the  first  discovered  (in  1877)  and  developed,  some  seven  to 
eight  years  before  the  discovery  and  exploitation  of  the  more  famous 
and  extensive  Witwatersrand  field. 

Two  main  classes  of  ore  are  being  received  at  the  Amalgamated  Banket 
Areas  plant  for  treatment — deep-mine  unaltered  banket,  and  lower-grade 
weathered  ore  from  a  flat  anticlinal  banket  capping  at  Pepe,  which  is 
mined  by  opencast  methods.  The  two  are  treated  in  parallel,  but  practi- 
cally distinct,  circuits.  It  is  with  the  treatment  of  the  underground  ore 
that  the  present  paper  is  mainly  concerned. 

THE  BANKET  ORE 

The  Gold  Coast  '  banket  *  has  been  described  in  memoirs  of  the  Gold 
Coast  G^logical  Survey.  Some  of  the  principal  characteristics  are  briefly 
mentioned  here  in  their  relevance  to  the  metallurgical  problem. 

The  conglomerate  is  comprised  substantially  of  ellipsoidal  water-worn 
pebbles  of  quartz,  some  clear  and  glassy,  others  white  and  opaque. 
Occasional  pebbles  of  amethystine  quartz  and  of  pink  felsite  are  also 
present.  The  pebbles  vary  in  size  over  an  average  range  of  one  to  three 
inches  in  length,  although  smaller  and  larger  pebbles  are  encountered. 
Distributed  through  the  pebble  interstices  are  sand  grains  and  small 
crystals  of  specular  haematite,  with  minor  amounts  of  ilmenite  and 
magnetite.   The  whole  has   been  cemented  by  silicification  into  an 

*  Paper  received  on  23rd  June,  1949. 
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extremely  hard  compact  couglomerate  BUperficiallj  reeeinbliiig  the  V^l^■ 
vatersraud  banket. 

Tho  haematite,  ranging  up  to  7  per  cent  by  weight  of  the  ore,  is  ol 
primary  origin  and  persists  to  the  deepest  levels  (2,500  ft.  at  Taquah  and 
AboBSO  Mines,  Ltd.)  yet  worked.  The  gold,  which  is  unevenly  distributed 
throngb  the  secondary  quartz  matrix,  is  crystalline  and  in  extremely  fine 
p«ins,  being  rarely  visible  to  the  unaided  eye.  Sulphides  are  so  ieldom 
encountered  as,  for  metallurgical  purposes,  to  be  considered  absent.  The 
qnartz  pebbles  are  substantially  barren.  There  is  microscopic  evidence  ol 
occasional  occurrence  of  gold  in  haematite  itself,  but  our  investigations 
have  shown  that  this  is  of  minor  significance  compared  with  the  propo^ 
tions  that  obtain  for  gold  in  the  pyrite  of  the  Witwatersrand  banket. 

The  underground  ore  treated  at  the  plant  is  comprised  of  banket, 
banded  auriferous  haematite-quartzite,  and  varying  dilutions  of  quartzitt 
wall  rocks.  As  received  the  ore  ranges  from  4  to  6  dwt./ton*. 

FORMER   PRACTICE— 8TRAKING 

The  flow-sheet  to  which  the  plant  originally  operated  is  set  out  in 
fig.  1  (Plate  I),  which  includes  descriptive  data  covering  the  priucipd 
^tems  of  equipment.  The  original  layout,  it  will  be  noted,  includeil 
etraking  tor  recovery  of  free  gold,  the  installation  being  set  in  a  strake 
bouse  S15  ft.  long  by  22  ft.  wide  (the  central  bay  of  which  is  70  ft.  long 
by  80  ft.  wide)  and  in  this  were  accommodated  the  strake  washing  boxM. 

The  strakes  were  each  10  ft.  by  1  ft.  6  in.  wide,  arranged  in  eight  bankt 
of  sixteen  strakes  each.  With  four  primary  and  four  secondary  8-ft. 
diameter  by  6-ft.  hall-mills  installed,  one  bank  of  strakes  was  available 
tor  the  treatment  of  the  discharge  from  each  ball-mill. 
<  As  originally  operated  Pepe  (weathered)  ore  was  also  straked,  bat 
there  have  been  changes  in  Pepe  ore  treatment,  one  of  which  has  been  the 
discontinuation  of  straking.  Bucovery  of  gold  from  the  main  bulk  of  this 
weathered  low-grade  ore  is  now  effected  by  cyanidation  only. 

One  European  and  twelve  Africans  per  shift  were  required  for  super- 
vision and  changing  and  washing  of  strakes.  The  installation  operated 
efficiently  to  recover  52  per  cent  of  the  total  gold  from  underground  ore 
treated  in  the  plant. 

Originally  the  stored  strake  concentrates  were  reconcentrated  on  the 
day  shift  on  the  Wilfley  table,  from  which  a  deep-cut  concentrate  was 
removed  for  working  up  in  the  amalgam  barrels.  Later  amalgamation  was 
discontinued  and  a  novel  procedure  was  adopted,  accumulated  Wilfle; 
table  concentrate  being  fed  to  two  email  flotation  machines  with  additions 
of  xanthate  and  pine  oil.  By  this  means  a  clean  gold  concentrate  suitable 
for  drying  and  direct  smelting  was  floated  in  a  froth  of  unique  beauty, 
recoveries  closely  approximating  those  by  amalgamation.  Such  a  proce- 
dure was  practicable  due  to  the  average  fineness  of  the  free  gold  and  tc 
Ibe  absence  of  sulphide  minerals  from  the  original  ore. 

Set  out  in  Table  I  is  a  metallurgical  balance  compiled  from  recorded 
data  for  the  nine  months  of  operation  immediately  prior  to  the  suspension 

*  All  aaaays  refer  to  tho  ton  of  2,000  lb. 
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at  this  plant  in  March,  1948,  under  the  Goncentration  Scheme, 
le  arrangement  whereby,  with  the  supplies  of  diesel  oil  and 
*es  restricted  by  the  emergency  and  Grovemment  action,  certain 
tpended  operation  in  order  that  the  others  might  continue  to 
t  their  normal  rates  of  production. 

TABLE  I 

ALLURGICAL  BALANCE  PRACTISING  STRAKINO  AND 

AMALGAMATION 


Product 

Weight 
% 

dwt.  per 
ton 

%of 
Total  Gold 

100-0 
100-0 
100-0 

4-417 
2-297 
1-853 

100-0 

}y  straking  and  amalgamation   ... 
3v  cvanidation  

520 
420 

infif 

1000 
48-6 
51*4 

2-120 
2-730 
1-543 

48-0 

"*o   • 

anidation    

^anidation  

300 
180 

lie— Total   

lue— To tal  

48-6 

51-4 

1000 

1000 

0-329 
0-209 
0-267 
4-150 

3-6 
2-4 

IIDUE  

6-0 

CO  VEBY     

94-0 

Grading  Akalysss  (I. 

M. 

M.) 

Product 

% 

je  :     4-  100 

67-3 

-  100  +  200 

14-3 

200. 

18-4 

ue  :    +  100 

5-5 

- 100  +  200 

111 

200 

83-4 

riod  of  operation  has  been  chosen  for  present  purposes  as,  during 
?  months,  the  plant  was  milling  underground  ore  only,  treatment 
re  having  been  suspended.  It  therefore  affords  data  on  straking 
Igamation  comparable  with  current  concentrating  practice, 
►eing  applied  to  the  whole  of  the  deep  mine  ore  pltis  a  proportion 
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(16  to  18  par  oant  of  the  total)  ot  low-gnde  ooarae  ore  from  the  Pepe 
vorkmgB. 

THE   SECURITY'   PROBLEM 

Hetallargioallj    the    conceatrating    layout    and    operatioDH    briefly    ' 
deaonbed  yielded  very  good  results.  The  snag  was  the  temptation  offered 
to  gold  thieves  and  tlif>  depressing  prison-like  conditions  for  the  operating 
shift  in  the  locked  strake  house. 

Ab  its  name  might  imply  the  Gold  Coast  has  an  historical  association 
with  the  wiimiDg  and  working  of  gold  which  datea  back  8ome  centuries- 
before  the  arrival  on  the  scene  of  the  European  miner.  There  is  in  the 
country  an  ancient,  widely- developed,  and  skilled  guild  of  Africaii 
goldsmitliB  working  under  Government  licence.  Gold  ornament  figures 
prominently  among  the  insignia  of  chiefs  and  in  the  adornment  of  Afirioan 
women  and  children.  International  borders  are  not  so  very  tar  distant 
from  most  centres  of  gold  production  und  the  dense  bush  and  forest 
preclude  close  control.  Hinor  gold  occurrences  are  fairly  frequent  apart 
from  the  major  occurrences  being  worked  by  European  enterprise  and 
Africans  still  win  gold  with  the  traditional  calabash  and  more  recently 
aoqoiied  prospector's  pan,  the  adept  panners  being  the  women.  Legislation 
regarding  the  possesaion  of  nnwronght  gold  is  nothing  like  so  reBtriotive 
as  in  other  comparable  fields. 

Thus  it  will  be  appreciated  that  there  is  probably  no  other  field  in 
Africa  in  which  the  local  population  in  general  is  so  gold  conscious  and  in 
which  the  identity  of  illicit  gold  can  be  so  simply  and  oompletdy  lost. 
Analyses  of  detected  thefts  of  gold  at  a  majority  of  the  producing  mines 
showed  that  over  90  per  cent  of  the  surface  thefts  and  a  considerably 
higher  proportion  of  the  value,  were  of  gold  in  concentrate.  Examination 
of  the  records  summarized  in  Table  I  disclosed  that  under -recoveries  ot 
gold  by  straking  and  amalgamation  were  reported  in  seven  of  the  nine 
months,  two  months  only  reflecting  small  over-recoveries.  Based  on  the 
head  sample  assay  of  the  ore  entering  the  plant  the  indicated  shortage  on 
gold  call  over  the  whole  plant  for  the  period  was  2-8  per  cent  of  gold 
received  in  ore. 

Since  the  war  losses  from  plants  due  to  theft  have  been  reduced  to  minor 
proportions  by  the  more  thorough  organization  of  security  measures  and 
the  exercise  of  unremitting  vigilance.  Apart  from  these  preventive 
measures  the  author  has  felt  that  the  surer  safeguard  and  the  greater 
peace  of  mind  would  result  from  modifications  of  metallurgical  practice 
by  which  high-grade  intermediary  products  in  process  were  kept  out  of 
sight  and  reach  of  the  potential  thief.  The  problem  is  not  pecuhar  to  this 
field,  although  the  complexities  which  attend  it  possibly  are. 

Such  then  is  the  background  against  which  a  variation  from  the 
orthodox  and  metallurgically  efficient  but,  in  other  respects,  vulnerable 
and  labour-consuming  practice  of  straking  and  amalgamation  is  to  be 
viewed. 

PRESENT   PRACTICE— MECHANICAL   CONCENTRATION 

The  alternative  adopted  was  to  use  continuous  discharge  Pan  American 

jigs  in  the  primary  mill-classifier  circuit  and  the  comparatively  unoomnion 
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and,  it  is  to  be  feared,  neglected  Johnson  concentrator,  in  the  secondary 
miU-classifier  circuit.  Both  are  machines  of  low  capital  and  operating  cost. 
The  savings  on  labour  alone  in  one  year  of  operation  were  sufficient  to 
meet  the  cost  of  installation  of  jigs  and  concentrators.  Further,  the 
installation  required  has  been  comfortably  accommodated  with  adequate 
room  for  extension  in  a  portion  of  the  central  TO-ft.  by  80-ft.  bay  of  the 
strake  house.  For  a  similar  layout  installed  ab  initio  a  capital  economy  in 
building  accommodation  over  that  required  for  straking  is  thus  implied. 

Fig.  2  (Plate  II)  shows  the  original  strake  installation  in  plan  and  sec- 
tion, and  in  Fig.  8  (Plate  III)  the  new  Jig- Johnson  concentrator  installation 
is  set  out  in  plan  and  section.  The  unit  illustrated  in  Fig.  8 — i.e.  two 
primary  ball-mills,  two  jigs,  one  secondary  ball-mill,  and  two  Johnson 
concentrators  is  treating  a  feed  of  minus  ^-in.  banket  ore  at  the  rate  of 
900  tons  per  24  hours. 

The  flow-sheet  to  which  the  concentrating  section  is  now  operating  is 
set  out  in  Fig.  4. 

The  jig  and  Johnson  concentrates  discharge  via  pipes  through  the 
concrete  floor  to  the  concentrate  storage  set  in  the  gold  room  below.  The 
concentrates  are  out  of  sight  and  reach  and  are  never  handled.  The  jigs 
and  Johnson  concentrators  operate  behind  a  locked  door,  the  machines 
being  visited  periodically  during  shifts  by  the  European  mill  shift-bosses. 
The  stored  concentrates  from  both  machines  are  reconcentrated  on  the 
morning  shift  by  passage  over  a  Wilfley  table,  from  which  a  clean  gold 
concentrate  suitable  for  direct  smelting  is  recovered.  Wilfley  tailings  pass 
over  two  strakes  each  5  ft.  by  1  ft.  9  in.  wide  before  returning  to  the  milling 
circuit.  The  strake  concentrate,  very  small  in  bulk,  is  stored  in  the  strong 
room  and  twice  a  month  is  separately  reconcentrated  on  the  Wilfley  table. 

The  installation  operates  smoothly  with  the  minimum  of  attention. 
With  the  jigs  operating  alone  and  no  concentration  step  in  the  secondary 
mill  circuit  the  recovery  of  free  gold  into  bullion  averages  25  per  cent  of 
the  gold  in  ore,  the  finer  gold  escaping  to  the  cyanide  plant.  With  the 
Johnson  concentrators  also  operating  in  the  secondary  mill  circuit  gold 
recovery  is  averaging  47-8  per  cent  made  up  as  follows  : 

Recovery  from  jigs ...     26'0 

Recovery  from  Johnson  concentrators  (80*4  per  cent  of  75  per  cent)     22-8 

47^ 


Typical  results  of  plant  performance  with  the  new  concentrating  instal- 
lation are  set  out  in  Table  II,  which  is  compiled  from  current  operating 
records.  ♦The  results  in  this  Table  are  more  or  less  directly  comparable  with 
those  set  out  in  Table  I.  There  are  qualifications  :  First,  the  ore  feed  to  the 
section  was  comprised  of  88-5  per  cent  of  underground  ore  averaging 
4-664  dwt./ton  and  16-6  per  cent  of  weathered  coarse  ore  from  Pepe 
averaging  1-906  dwt./ton.  The  concentratable  gold  content  of  the 
weathered  ore  is  low,  being  of  the  order  10  to  15  per  cent.  Further,  only 
88  per  cent  of  the  ore  milled  passed  the  jigs,  the  remaining  17  per  cent 

^February  and  March,  1949. 
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having  been  milled  in  a  third  primary  ball-mill  which  is  not  at  the 
moment  id  circuit  with  the  jigs.  The  product  from  the  Becondary  etageof 
grinding  of  the  17  per  cent  did  pass  to  the  Johnson  concent ratora. 

There  have  been  improveraentB  in  cyanidation  practice  which,  while 
falling  outside  the  scope  of  this  paper,  are  to  be  home  in  mind  whan 
Oomparing  total  recoveries  in  Tables  I  and  II. 


By  taking  a  larger  concentrate  from  the  Wilfley  table  and  working  this 
up  by  amalgamation,  gold  recovery  by  concentration  no  doubt  could  be 
improved.  Also  by  increasing  the  amount  of  concentrate  drawn  from  the 
Johnson  concentrators  (see  Table  III),  and  running  the  Wilfley  table  for> 
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TABLE  n 

METALLURGICAL  BALANCE  PRACTISING  CONCENTRATION 


Product- 

Weight 
% 

dwt. 
per  ton 

Total  Gold 

Feed    

100-0 

4-117 

1000 

100-0 

1-967 

47'8 

1 00-0 

2041 

■eotrotioQ  toUing 

1000 

2150 

532 

1  to  cvaniiiation 

S5-6 

i-Q92 

444 

B6'6 

0149 

0077 

P  reaidue— Total  

10 

kt  REStDCB    

1000 

0-109 

3-6 

J.  BwJovanv   

1000 

4-008 

97-4 

HRADINQ  ANALYSES  (I.  M.  M.) 

Product 

% 

er  period,  or  by  installing  a  second  Wilflpy  tablej  recoveries  by  concen- 
ion  could  be  raised.  Id  view  of  tbe  performance  of  the  cyanide  plant 
>fae  current  concentration  tailing  neither  of  these  conrses  has  been 
ddered  neceBsary.  It  is  of  interest  to  add  that  the  gold  call  on  the 

t  is  now  being  regularly  and  satisfactprily  met. 

JOHNSON   CONCENTRATOR   RECOVERIES 
be  Fan  American  jigs  (36  in.  by  36  in-)  are  standard  equipment, 
iliar  in  dredge  operation.  The  Johnson  concentrator  is  probably  less 


>    KORRIS  :    OOLD    CONCENTRATION' 
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TABLE  m 

JOHNSON  CONCENTRATION  RECOVERIES 
UNDER  VARYING  CONDITIONS 


Test  no. 

1 

2 

3 

4 

5 

6 

Drunif  r.p.m 

7 

5 

7 

5 

5 

7 

%  moisture  in  feed  . . . 

35 

33 

35 

30-5 

40 

34 

Feed  to  concerUrators 

*Tons    per    concen- 
trator/24 hr 

283 

324 

250 

448 

303 

332 

dwt./ton 

5-60 

4-67 

3-39 

3-81 

4-61 

3-25 

CfoncentraU 

Tons  per  24  hr 

904 

8-79 

4-88 

4-70 

2-27 

2-21 

Weight^%  of  feed 

3-20 

2-72 

1*95 

105 

0-75 

0-67 

dwt./ton 

04*8 

79-5 

74-6 

129-4 

204-2 

136-8 

Recovery — dwt.  /ton 
of  feed 

303 
10-2 

216 
10-9 

1-45 
6-6 

1-36 
4-8 

1-53 

8-8 

0-92 

AmcUgamcUion  of  con- 
cerUrcUe 
Tailing — dwt.  /ton . . . 

8-2 

Tailing — dwt.  /ton  of 
feed 

0-33 

0-30 

0-13 

006 

0-07 

0-05 

Recovery — dwt .  /ton 
of  feed    

2-70 

1-86 

1-32 

1-31 

1-46 

0-87 

ConcerUraiar  tailing 

^ 

Weight— %  of  feed 

96-8 

97*28 

9805 

98-95 

99-25 

99-33 

dwt.  /ton 

2-65 

2-58 

1*98 

2-48 

3-10 

2-85 

dwt./ton  of  feed 

2-57 

2-51 

1-94 

2-45 

308 

2-33 

Rbcoveribs 

(1)  In  Johnson  con- 
centrate :  %  gold 
in  feed 

541 

46-2 

42-9 

35*6 

33*2 

28-0 

(2)  By  anudgamation 
of   concentrate : 
%  gold  in  con- 
centrate     

89*2 

86-3 

911 

96-3 

96-7 

940 

(3)  By  amalgamation 
of    concentrate : 
%  gold  in  feed. . . 

48-2 

39-8 

391 

34-3 

31-7 

26-3 

*Iiioliid«t  drcnlatliig  load. 
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familiar  to  many  members.  Thin  machine  was  deacribed*  bv  that  doyMi 
of  Raad  metallurgists,  Mr.  E.  H.  .Tohnsou,  by  whom  the  concentrator 
was  developed.  For  convenient  reference  a  drawing  of  the  machine  is 
included  in  Fig.  5. 

In  Table  III  the  results  from  a  seriea  of  controlled  tests,  in  which 
conditions  of  operation  of  the  JohriBon  concentrators  were  studied,  are 
Bet  out.  Rotation  was  varied  at  speeds  of  5  and  7  r.p.m.  No  appreciable 
difference  in  performance  was  noted.  For  normal  operation  the  slower 
speed  has  been  adopted.  The  percentage  weight  of  concentrate  was  con- 
trolled by  varying  the  amount  of  water  used  in  the  side  sprays.  Gold 
recovery  was  found  to  vary  directly  with  the  amount  of  concentrate  made. 
A  further  variiible  posriiMf  with  Ihi"'  machine  opi'iatiiig  on  tirn.ir  feeds  ii 
tlw  inclination  of  the  rotary  drum.  This  has  not  jet  been  studied. 

During  the  period  of  each  of  the  tests  recorded  in  Table  III  it  ia  to  b» 
noted  that  VViltiey  table  tailings  were  not  being  returned  to  circuit.  Each 
of  the  tests  was  of  about  thtve  houn'  duration.  Concentrate  reooTerod 
from  each  test  was  carefully  rilSed  down  to  a  sample  of  approximately 
5,000  g..  which  was  amalgamated  without  grinding.  The  concentrate 
values  reported  art'  built  up  from  the  gold  recovered  in  amalgam  plw 
gold  found  in  the  umulgamation  tailing.  It  will  be  noted  that  an  average 
of  90  per  cent  of  the  gold  recovered  in  concentrate  was  ama^mable. 
Uoreover,  the  assays  of  the  tailings  from  amalgamation  reflect  but  a 
minor  lock-up  of  gold  in  haematite. 
The  grading  analyses  of  products  to  and  from  the  Johnson  concentrator 
are  set  out  in  Table  IV. 

There  is  little  doubt  that  the  jigs  could  be  excluded  from  the  concentrat- 
ing circuit  and  that  with  the  Johnson  concentrators  operating  alone  on 
the  secondary  ball-mill  discharge  an  equally  satisfactory  overall  recovery 
of  gold  from  the  ore  would  be  possible.  There  would  almost  certainly 
result  a  build-np  in  gold  content  of  the  rake  product  from  the  primary 
aimplex  classifiers  which  would  almost  as  surely  attract  attention  from 
the  receivers'  metallurgical  scouts.  It  has  been  considered  advisable  to 
retain  the  jigs  on  their  duty  of  recovering  the  coarser  fraction  of  what  is, 
on  the  average,  very  fine  free  gold. 

The  operation  of  the  Johnson  concentrator  differs  in  several  respects 
from  South  African  practice.  As  described  by  E.  H.  Johnson,  this  machine 
operated  in  a  single-stage  tube-milling  circuit,  in  which  the  size  rangs  ol 
particles  in  the  feed  to  the  concentrator  would  be  considerable.  It  was 
thus  required  to  handle  the  total  tonnage  of  ore  under  treatment  including 
the  circulating  load.  The  operation  of  this  machine  on  the  reduced 
tonnage  and  finer  sizings  of  a  secondary  milling  circuit  may  be  new.  Its 
efficiency  on  these  sizings  has  been  impressive. 

ENCASEMENT   OF   GOLD   IN   ORE   MINERALS 

On  the  Witwatersrand  there  is  also  an  important  association  of  gold 

enclosed  in  pyrite,  and  concentration  of  pyrite  for  separate  selective 

•  Concentration  and  selective  regrinding.    J.  Chtm.  Soe.  S.  Afr.,  37,  April,  1927, 
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TABLE  IV 

GRADING  ANALYSES  (TYLER)*  OF  PRODUCTS  FROM 
JOHNSON  CONCENTRATOR  TESTS  (TABLE  IH) 


Test  no. 

1 

2 

3 

4 

5 

6 

Fetid 

% 

% 

% 

% 

% 

% 

+    48  mesh... 

10-6 

130 

111 

10-2 

11*3 

10-2 

—   48+100   „       ... 

30-2 

34-7 

29-3 

aio 

31-5 

31*0 

100+200   „       ... 

23-3 

260 

23-2 

26-7 

23-6 

25-7 

—  200   .,       ... 

350 

27-3 

36*4 

381 

33-6 

331 

Concentrate 

+    48  mesh... 

21 

2-3 

3-3 

2-8 

2-7 

2-9 

—    48+100   „       ... 

17-6 

190 

16-6 

21-6 

15-7 

12-6 

100+200   „       ... 

45-6 

45-7 

42-9 

43-6 

46*5 

41-8 

—  200   „       ... 

34-8 

330 

37-2 

321 

36- 1 

42-7 

TaUing 

+    48  mesh... 

10-4 

12-7 

10*9 

100 

11-8 

100 

—   48+100 

30-8 

34-2 

30-5 

30-7 

29-7 

30-7 

—  100  +  200  „       ... 

23-2 

25-6 

230 

261 

23-4 

261 

—  200   „       ... 

35-6 

27-6 

• 

35-6 

33-2 

351 

33-2 

*  An  6Z|>lMiatkm  of  the  ttppeanaoe  of  a  Moond  gmding  Mriei  is  pineiiiy.  Plant  simdingB  Iiat* 
liltlkerto  bMO  oondnotad  with  LM.M.  aierei,  bat  kn  thoctly  to  be  changed  to  the  Bntieh  btaadaid 
whloh  damSy  appnnimatet  the  Tyler  serial.  At  the  West  AMoAn  Gold  Coipontioa*s  labomtoiy  the 
Tyler  series  is  used. 

regrinding  and  exposure  of  encased  gold  in  preparation  for  cyanidation 
was  an  important  function  of  the  machine  as  described  by  E.  H.  Johnson. 
The  author's  investigations  have  not  disclosed  any  such  intimate  associa- 
tion of  gold  with  the  haematite  of  the  Gold  Coast  banket.  At  Amalgamated 
Banket  Areas  the  first  intention  was  to  return  Wilfley  table  tailings  to 
the  primary  ball-mill  feed,  but  in  the  light  of  experience  it  has  been  found 
sufficient  for  treatment  requirements  to  return  the  Wilfley  tailings  to  the 
secondary  classifier  so  that  haematite  trapped  in  the  concentrating 
section  re-traverses  the  secondary  stage  of  classification  and  grinding  until 
size  reduction  has  progressed  to  the  point  at  which  it  escapes  in  the 
secondary  classifier  overflow. 

The  following  examination  of  a  representative  sample  of  current 
Johnson  concentrate  illustrates  the  negligible  encasement  of  gold  in 
haematite : 
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Johnsoii  oonopntrate— 22-1  oi.  Au  per  ton. 
Grading  Analysis  (Tyler) : 

+-    48  :    61  percent 


The  concentrate  v 


—  200  :  50-3  per  cent 
s  amalgamated  without  grinding  a 

:  2t'9Qz.  Au  pern 


ielded  : 


Amalgamation  tailing    :  40  dwt.  per 

The  amalgamatiou  tailing  was  ground  in  the  laboratory  ball-mill  aud 
le-amalga mated  with  the  following  result  : 

By  amalgamation  :  3-D  di*t.  Au  per  ton  concentiaM. 

final  amalgamation  tailing  :  I'O  dwt.  per  ton. 
The  final  tailing  from  amalgamation  was  deslimed  and  the  sand  fraction 
woB  floated  with  Heageut  801  to  effect  a  concentration  of  haematite.  The 
prodactB  from  flotation  were  a  concentrate,  middling  and  tailing. 

In  Table  V  are  sot  out  thp  percentage  weights  of  the  several  products— 
their  gradings,  gi>ld  content,  and  partial  analyses. 

The  magnetics  were  composed  mainly  of  metallic  iron.  The  concentra- 
tion of  haematite  effected  was  not  of  a  high  order  but  sufficient  to  provide 
a  comparison  of  the  relationship  between  the  PejOj  and  gold  contents  of 


Slime 

Flow 

tion 

Produ.1 

Feed 

Concen- 
trate 

Middling 

Tailing 

Weight — "i.  of  oriiinel 

34-7 

75-3 

30' 5 

33-7 

111 

■■"■O"*           /O   "'   "■■em 

Weight— %  of  flotnr 

on  fw;]    ... 

100-0 

40'5    , 

44-8 

14-7 

+     48 

% 

- 

01 

- 

07 

—    48+100 

% 

0-1 

2.7 

0-9 

1-a 

110 

—  100+200 

% 

l-B 

29.7 

16'6 

28-7 

68y 

—  200 

% 

98-0 

67-5 

82-5 

69-7 

19-4 

Ponial  Analy»t>< 

An 

dwt.  /ton 

11.77 

I'lO 

MQ 

115 

0-77 

Fe,0, 

% 

lO'S 

30-1 

43-y 

25-2 

5.7 

Magnetics 

% 

Nil 

4-0 

54 

5-2 

4.0 

Insoluble 

% 

SS-0 

S3-3 

47-8 

67-1 

60-1 

% 

4.7 

2fl 

3-3 

2<S 

1-2 
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everal  products.  The  evidence  is  that  the  encasement  of  gold  in 
atite  is  insignificant. 

•  ALLSLIMING »  AS  AN  ALTERNATIVE 

ving  described  the  new  concentrating  layout  the  author  is  still 
)  that  there  are  two  schools  of  thought  on  the  subject  of  concentra- 
d  gold  from  banket  ores,  the  second  of  which  poses  the  provocative 
'  •  Why  bother  ?  ' 

3  first  argues  that  by  concentration  a  high  proportion  of  the  total 
is  earlier  in  the  bank,  the  cyanide  plant  is  reUeved  of  the  duty  of 
ution  of  all  but  the  finest  gold,  treatment  time  in  the  cyanide  plant 
be  shortened  and  as  a  corollary  less  equipment  capacity  will  be 
red,  and  residue  washing  will  not  be  attended  by  the  same  risks  of 
ved  gold  loss.  These  considerations  assume  greater  importance  in 
lant  cyaniding  a  portion  of  the  mill  product  as  sand  by  leaching. 

3  second  school  is  confined  to  advocates  of  the  one-pulp  plant,  in 
I  grinding  is  carried  far  enough  to  enable  the  whole  of  the  ore  to  be 
ded  by  agitation  and  filtration  or  counter-current  decantation.  This 
I  argues  that  with  the  mill-classifier  circuit  suitably  arranged  the 
mtering  the  cyanide  plant  will  have  been  sufficiently  reduced  in  size 
fective  recovery  in  reasonable  time  by  cyanidation  alone — ^although 
0  be  remarked  that  this  time  is  likely  to  be  longer  than  if  a  concen- 
n  step  were  included.  Further,  the  result  is  a  simplified  flow-sheet 
which  the  processes  and  labour  of  working  up  a  gold  concentrate 
iminated.  Also,  in  consequence,  this  type  of  plant  does  not  present 
mptation  of  or  opportunity  for  gold  theft  that  are  present  when  the 
ing  of  a  high-grade  concentrate,  often  containing  visible  gold,  is  a 


TABLE  VI 

CYANIDATION  OF  MANTRAIM  ORE  BY  AGITATION 
Ground  to  65*6  per  cent  minus  200-me8h  (Tyler) 


Cyanided 

Directly 

After  Amalgamation 

^anidation — dwt.  /ton 
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Some  Notes  on  a  Mechanical  Concentrator* 

T.    HADEN,   B.E.M.,    ASSOCIATE    MEMBER 


A  paper  published  on  10th  November,  1949,  by  ilie  Institution  of  Mining 
and  Metallurgy,  to  be  submitted  for  discussion  at  the  November  General 
Meeting 

INTRODUCTION 

For  a  very  long  time  the  amalgamating  plate,  as  used  to  collect  gold 
from  an  ore  pulp,  has  been  a  speedy,  reasonably  efficient,  and  reliable 
device.  Working  with  comparatively  small  tonnages  it  has  been  used  in 
most  countries  and  on  most  ores.  Yet  its  characteristics  are  such  that, 
with  every  increase  in  the  monetarj^  value  of  gold  or  in  the  tonnage 
milled,  the  trusty  old  amalgamated  plate  becomes  more  and  more  costly 
to  operate.  The  plate  holds  up  large,  and  frequently  astonishingly  large, 
weights  of  gold.  Theft  risk  is  always  great  and,  no  matter  what  pre- 
cautions are  taken,  free  mercury  and  amalgam  will  contrive  to  creep  all 
over  the  circuit,  to  add  to  that  risk  and  complicate  other  processes. 

As  a  consequence  of  these  defects  the  number  and  variety  of  gravity 
concentrating  machines  and  methods  which  have  been  developed  as 
substitutes  illustrate  both  the  ingenuity  of  the  millman  and  his  dissatis- 
faction with  most  of  these  devices.  The  purpose  of  the  present  notes  is  ta 
describe  yet  another  machine  of  this  nature. 

MECHANICAL   CONCENTRATOR 

The  machine  in  question  may  perhaps  be  called  a  mechanized  strake, 
but  in  its  design  and  operation  there  is  much  of  the  vanner.  As  may  be 
seen  from  Fig.  1  the  side  elevation  resembles  a  vanner  working  at  a  steep 
slope.  In  the  precise  form  of  the  concentrating  surface  itself  probably 
lies  the  secret  of  the  efficiency  of  the  machine.  This  surface  is  a  riffled 
rubber  blanket,  widely  used  in  South  Africa  as  a  concentrating  medium 
for  gold,  and  in  the  present  machine  the  separate  blankets  have  been 
cemented  to  a  thin  wide  rubber  conveyor  belt.  The  belt  is  endless,  with 
a  vulcanized  joint.  This  belt,  much  as  in  vanner  practice,  moves  slowly 
upstream  with  its  load  of  concentrate,  and  at  the  top  of  the  table  the 
concentrate  is  subjected  to  a  cleaning  action  under  a  light  flow  of  water. 
The  cleaned  concentrate  is  carried  round  the  upper  pulley  and  is  detached 
by  gravity  under  the  surface  of  water  in  a  collecting  tank.  From  this 
tank  the  concentrate  is  recovered  in  any  convenient  way — as  by  sluicing 
it  intermittently  through  a  valve  for  transport  by  hand,  or  by  a  stream 
of  water.  The  washed  belt  returns  under  the  machine  to  the  lower  pulley 
to  repeat  the  cycle. 

The  mechanism  of  the  machine  is  relatively  simple.  There  is  but  one 
movement  involved — the  slow  travel  of  the  belt  upstream.  The  frame  of 
the  machine  consists  of  two  main  members,  spaced  by  cross  members 

*Paper  received  on  2l8t  June,  1949. 
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welded  in  place,  and  the  whole  supported  on  legs  to  resemble  an  inclined 
table.  At  the  top  edge  is  the  upper  pulley.  Centred  about  2  ft.  behind, 
and  about  4  in.  lower,  is  the  snubbing  pulley  ;  the  feed  is  applied  above 
this  pulley.  At  the  lower,  tailing,  end  is  the  dnve  pulley.  All  these  pulleys 
are  15  in.  in  diameter,  49  in.  between  flanges,  and  very  lightly  crowned  ; 
they  are  carried  on  stiff  shafts  running  in  sealed  ball  bearings.  Drive  is 
applied  at  the  lower  end,  on  the  discharge  pulley.  This  end  has  been 
chosen  for  the  drive  in  order  to  bring  the  mechanism  away  from  the 
inevitable  splashing  of  pulp  and  water  at  the  feed  end.  The  drive  is  by 
chain  of  1-in.  pitch,  itself  driven  via  a  train  of  reduction  gearing  from  a 
1-h.p.  motor.  A  ratchet  wheel  in  this  train  offers  the  possibility  of  altering 
the  speed  of  the  belt  if  desired.  On  this  design  the  belt  speed  is  approxi- 
mately 9  ft.  per  hour  minimum,  when  working  one  tooth  of  the  ratchet 
wheel,  aiid  this  may  be  increased  in  steps  of  one  tooth  up  to  ten  teeth — 
approximately  90  ft.  per  hour — if  desired.  The  higher  speeds  are,  how- 
ever, merely  possibilities  inherent  in  the  mechanism,  and  the  author  sees 
no  practical  use  for  them.  The  lowest  speed,  9  ft.  per  hour,  is  equal  to 
a  complete  and  automatic  change  of  the  whole  concentrating  surface 
every  50  minutes,  which  is  much  better  blanket  changing  than  one  could 
expect  from  any  Bantu  '  blanket  boy  '  on  a  cold  night  shift. 

Both  the  upper  and  the  lower  pulleys  on  the  machine  are  capable  of 
adjustment.  The  lower  pulley  tensions  the  chain  drive  and  the  upper 
pulley  tenisions  the  belt.  Angular  adjustment  of  the  lower  pulley  has 
the  greatest  influence  on  the  *  training '  of  the  belt.  The  pulleys  are 
lightly  crowned  to  assist  this  training  and  are  provided  with  flanges 
merely  to  keep  pulp  and  water  in  the  proper  channels  and  prevent  creep 
of  pulp  into  the  bearings.  Obviously  the  pulleys  must  not  be  too  highly 
crowned,  as  this  would  interfere  with  the  flat  concentrating  surface  of 
the  belt. 

Deck 

The  concentrating  deck  of  the  machine  is  approximately  8  ft.  long 
by  8  ft.  9  in.  wide,  a  total  of  approximately  30  sq.  ft.  between  feed 
points  and  the  curve  of  the  discharge  pulley.  Over  this  area  the  deck 
is  held  to  a  constant  slope  in  the  direction  of  flow  and  as  nearly  as  possible 
horizontal  laterally.  The  optimum  degree  of  slope  on  the  deck  is  pro- 
bably determined  by  pulp  characteristics  and  with  the  pulp  so  far 
observed  a  slope  of  about  12  per  cent  seems  to  be  suitable.  If  flatter 
than  this,  sand  banks  may  build  and,  by  covering  the  surface  of  the 
belt  and  blinding  the  riffles,  reduce  the  area  of  deck  in  actual  use.  It 
is  obvious  that  too  steep  a  slope  will  lead  to  high  pulp  velocity,  turbu- 
lence, and  scour.  When  the  deck  is  working  at  approximately  optimum 
load  and  slope  the  surface  of  the  pulp  presents  a  pattern  of  horizontal 
lines  in  exact  agreement  with  the  riffles  of  the  deck.  With  too  great  a 
load  or  too  steep  a  slope  the  pattern  is  one  of  *  diamond  *  waves  on  the 
surface  of  the  pulp  and  a  condition  of  scour  in  the  riffles.  By  looking 
at  one  point  on  the  deck  and  ignoring  the  movement  of  the  actual  pulp 
flow  the  patterns  may  be  seen  very  easily. 
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Belt 

The  belt  is  held  to  this  angle  by  running  it  over  a  wooden  deck  firmly 
fixed  to  the  frame  of  the  machine.  This  deck  takes  the  place  of  the 
idler  rollers  which  could  be  used  for  the  same  purpose  at  the  risk  of  a 
corrugated  surface  and  constant  bearing  trouble  on  the  rollers  them- 
selves. The  additional  wear  on  the  belt  is  thought  to  be  negligible 
for  there  is  very  little  weight  load  on  the  belt,  and  even  under  full  load 
and  the  drag  of  the  wooden  deck  the  mechanism  may  be  turned  by 
one  hand  on  the  ratchet  wheel,  at  much  greater  than  normal  working 
speed.  This  ability  is  useful  when  scrubbing  the  belt. 

The  belt  itself  is  built  on  an  endless  rubber  conveyor  belt  48  in.  wide, 
of  3-ply  nylon  duck  fabric,  with  i^-in.  top  and  bottom  covers.  On  the 
working  side  of  this  belt  three  flanges  and  two  areas  of  rubber  concen- 
trating blanket  have  been  cemented.  The  flanges  should  be  made  of 
solid  soft  rubber  with  no  reinforcing  of  cord  or  fabric.  They  must 
stretch  and  contract  over  the  pulleys,  and  cords  would  be  troublesome. 
They  are  intended  to  serve  two  distinct  purposes  :  (o)  to  act  as  the  sides 
of  the  pulp  channel  on  the  deck,  and  (b)  to  hold  important  areas  of  the 
concentrating  surface  away  from  contact  with  the  snubbing  pulley  on 
the  return  under  the  machine.  This  last  is  thought  to  be  important, 
because  the  efficiency  of  the  concentrating  blanket  depends  on  the 
profile  of  the  riffles,  and  contact  with  the  snubbing  roller  surface  would 
ultimately  deform  these  surfaces  and  edges. 

Concentrating  Surface 

The  concentrating  surface  is  made  of  a  rubber  blanket  which  has 
won  a  wide  popularity  in  South  Africa.  Its  profile  is  approximately  as 
shown  in  Fig.  8.  It  is  purchased  in  units  of  approximately  20  in.  by  40  in. 
These  units  were  cut  and  joined  to  suit  the  spaces  between  the  flanges 
and  cemented  in  place.  It  has  been  found  necessary  to  scrub  out  the 
riffles  with  dilute  hydrochloric  acid  about  once  a  week,  because  lime 
concretions  form  in  scales  on  the  surface  of  the  rubber  and  interfere 
with  the  clearing  of  the  concentrate  under  water  in  the  hutch.  When 
scrubbing,  the  feed  pulp  is  stopped  and  the  dilute  acid  applied  at  the 
feed  point.  The  belt  is  scrubbed  with  a  stiff  brush  parallel  with  the 
riffles,  while  a  labourer  turns  the  ratchet  wheel  by  hand  to  drag  the 
whole  surface  of  the  belt  through  the  acid-and-scrubbing-brush  area  in 
about  ten  minutes.  The  machine  is  then  hosed  down  to  remove  the  acid 
from  the  steelwork  of  the  hutch  and  snubbing  pulley. 

Feed  to  Surface 

The  feed  method  needs  careful  attention.  There  is  room  for  more  than 
one  opinion  on  the  subject  of  feeding  such  a  machine  and  it  is  probable 
that  differences  of  ore  and  mineralization  will  greatly  affect  the  methods 
used.  The  author  offers  his  opinions  and  outlines  his  reasons  as  those 
suitable  for  at  least  one  ore. 

The  feed  should  be  applied  to  the  belt  softly  and  with  a  minimum  of 
splash,  but  at  specific  points.  The  feed  launder  should  be  quite  free 
from  pockets,  baffles,  traps,  perforated  plates  and  the  like  and  should 
be  capable  of  rapid  and  complete  cleaning ;  and  the  author  believes 
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that  an  ideal  feed  launder  would  be  merely  an  open  chute,  bifurcate  al 
the  delivery,  and  termioating  in  spatulate  areas  about  half  an  inch 
above  the  surface  of  the  belt.  The  whole  would  be  smoothly  lined  witfa 
rubber  and  set  at  an  angle  steep  enough  to  keep  itself  clean.  Whatever 
form  of  feed  box  is  used  the  feed  is  applied  at  two  areas  on  the  widtL 
■of  the  belt,  at  areas  A-A  of  the  sketch.  Fig.  4.  Within  a  few  inches  of 
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this  area  the  fei^d  pulp  has  spread  over  the  full  width  of  the  belt  and 

-covera  most  of  the  areas  B-1,  C-1. 

Concentration  of  gold  takes  place  behind  the  rItQes  and  thia  concen- 
trate is  draped  slowly  upstream  by  the  travel  of  the  belt.  Particles  of 

-concentrate  in  the  zone  B  will  be  dragged  past  the  turbulence  of  the 
feed  areas  without  disturbance.  Jforeover,  as  they  approach  B-2  thev 
will  be  overlaid  and  protected  by  sund  banks  in  which  uru  uisbudd^d 

■  coarser  particles  of  concentrates,  often  with  the  coarsest  fragments  and 
■coarse  gold,  right  on  the  top.  In  effect  this  bank  resembles  '  reverse 

■  classification  '. 

Any  particle  of  concentrate  settling  in  the  zone  C-l  will  be  dragged 
back  through  the  scour  of  the  C-2  area  into  the  turbulence  of  the  A 
area,  where  the  new  feed  falls  to  the  belt.  Here,  depending  upon  the 
individual  properties  of  the  particle,  it  will  sooner  or  later  be  scoured 
out  of  the  riffle  and  washed  downstream,  and  direct  observation  has 
shown  that  the  only  type  of  concentrate  which  can  penetrate  that 
curtain  of  turbulence  is  the  rare  ease  of  the  little  gold  nugget  large 
enough  to  be  picked  up  with  the  fingers.  This  displaced  concentrate, 
however,  has,  in  effect,  joined  the  new  feed  and,  spreading  fanwise  over 
the  areas  B-1  and  C-1,  again  takes  its  chance  of  entering  the  B  zones. 
Thus  there  is  a  small,  but  not  serious,  '  middlings  '  load  constantly  on 
the  belt  with  one  chance  in  two  of  joining  the  concentrate  at  each 
settlement. 

The  rough  concentrate  is  dragged  up  past  the  feed  areas  in  the  form 
of  sand  banks  almost  free  from  slime,  and  some  drainage  and  washing 
Xakes  place  in  the  areas  B-3. 
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A  water  spray  is  set  between  zones  8  and  4,  to  deliver  trickles  of  clean 
water.  Very  little  is  needed — merely  a  rapid  succession  of  drops  which 
cut  into  the  sand  banks  and  disturb  them  a  little.  This  is  sufficient  ta 
remove  much  of  the  valueless  quartz  sand  at  low  velocity  and  leave  on 
the  belt  a  fairly  clean  sulphide  concentrate,  which,  in  this  zone  4,  can  be 
distributed  over  the  whole  B-4 — C-4  area  in  parallel  ridges.  No  attempt 
is  made  to  take  a  very  clean  concentrate.  On  the  contrary  it  is  thought 
better  to  take  at  least  one  ridge  each  side  with  a  high  quartz  content. 
It  is  in  this  quartz-rich  strip  that  the  very  fine  free  gold  is  trapped  and 
entrained.  Frequently  the  cleaner  sulphide  ridges  carry  coarser  grains 
of  gold  right  on  the  crest,  a  J  in.  above  the  rubber  deck.  Close  observation 
of  the  work  of  this  belt  in  this  zone  leads  to  an  obvious  conclusion  that 
the  phenomena  involved  are  simply  those  of  reverse  classification  with 
the  bed  dilated  by  the  slow  movements  of  the  belt  under  the  light  flow 
of  water.  This  seems  to  explain  the  ability  of  the  machine  to  trap  and 
recover  fine  free  gold  from  an  unclassified,  slimy,  battery  pulp  when 
worked  as  outlined  above. 

Another  idea  for  feeding  the  machine  may  be  visualized,  and  has 
been  tried,  with  the  feed  pulp  laid  down  in  a  shallow  even  stream  over 
the  full  width  of  the  belt.  It  is  clearly  a  practical  impossibility  to  lay 
down  a  feed  pulp  in  this  way  with  hterally  no  turbulence.  Any  turbulence 
at  all  leads  to  a  condition  resembling  that  of  the  C-2  area  over  the  full 
width  of  the  belt,  with  a  light  scour  constantly  cleaning  out  the  finer 
concentrates  from  the  riffles  and  permitting  only  the  coarser  concentrate 
to  pass.  The  fine  concentrate  then  builds  up  into  a  heavy  middlings  load 
on  the  belt  and  purges  itself  in  irregular  surgings  either  up  or  down  the 
belt.  This  has  been  observed  under  these  conditions.  Moreover,  as  such 
a  condition  of  shallow  even  feed  can  only  be  obtained  by  the  use  of 
baffles  in  the  feed  launder  (and  is  very  difficult  to  hold  even  then)  gold 
concentrations  are  made  in  holes  and  corners  and  are  very  difficult  to 
clean  out. 

The  concentrate  is  carried  over  the  upper  pulley  and,  being  wet, 
adheres  to  the  belt  until  the  surface  makes  contact  with  water  in  the 
hutch.  This  water,  by  simple  contact,  detaches  the  concentrate,  which 
falls  and  collects  in  the  bottom  of  the  hutch  to  await  routine  removal. 
Separation  is  clean  unless  the  belt  needs  scrubbing  (a  limed-up  or  greasy 
belt  can  carry  gold  through  the  water).  The  water  level  in  the  hutch  is 
raised  by  the  constant  inflow  of  concentrate  and  is  kept  constant  by 
overflowing  via  a  goose-neck  pipe — this  to  avoid  loss  of  floating 
concentrate. 

The  daily  recovery  of  concentrate  is  treated  normally  in  the  amalgam 
barrel  for  recovery  of  a  clean  gold  amalgam. 

TEST  RESULTS 

Some  specimen  results  of  the  work  of  the  strake  might  be  given.  In 
the  following  example  the  strake  feed  was  a  gold  ore — a  stamp  battery 
pulp  through  *  600-mesh  **  screens  at  approximately  10  per  cent  sohds. 
About  15  per  cent  of  the  ore  was  *  primary  slimes  '.  A  specimen  screen 
analysis  showed  :  plus  60,  21  per  cent ;  minns  60  plus  90,  27  per  cent ; 

*600  apertures  per  square  inch  approximates  to  a  25-mesh  standard  screen. 
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minus  90  pliu  200.  26  per  oeut  ;  minu»  200,  26  per  cent.  Tha  average  of 
nine  asBuya  uf  the  fend  was  ii-63  dwt.  and  the  average  of  nine  assays  of 
the  tail,  2-15  dwt.,  the  average  extractitm  therefore  being  76  per  cent 
of  the  total  guld  in  the  feed. 

Some  of  the  gijld  in  the  strake  tailing  was  chatted  with  the  coarse 
aaiid,  while  in  this  ore  same  of  the  gold  is  occluded  in  pjTite.  There  ant 
no  figures  to  show  juat  how  much  gold  was  in  these  two  classes,  but 
from  study  of  old  records  it  is  possible  to  reach  a  uonclnsion  that  these 
two  together  may  carry  more  than  25  per  cent  of  the  total  gold.  Therefore 
the  Btrake  extracted  almost  the  whole  of  the  free  gold  in  the  pulp,  with 
the  concentrate  sand.  After  making  due  allowance  for  the  tailing  sand 
from  the  amalgam  barrel,  the  actual  gold. recovery  as  amalgam  from 
the  strake  was  slightly  liigher  than  that  from  the  old  amalgamated  plat* 
By a tern. 

The  weight  of  the  concentrate  varied  between  1  per  cent  and  1-6  per 
cent  of  the  feed  ore  weight.  Probably  less  could  have  been  taken.  Thfl 
weight  of  the  feed  was  approximately  24  tons  of  ore  per  24  hourt)  run. 
Later  work  indicated  that  at  that  degree  of  dilution  a  probable  maximum 
would  have  been  about  SO  tons  of  ore,  or  about  one  ton  of  ore  per  square 
foot  of  concentrating  area  per  day,  at  about  10  per  cent  solids.  The  feed, 
being  a  battery  pulp,  carried  all  its  original  slime,  water  and  tram[» 
chips  ;  had  it  been  practical  to  classify  this  feed  and  to  adjust  a  slime- 
free  pulp  to  optimum  solid-water  ratio,  it  is  probable  that  much  greater 
tonnage  could  be  handled  over  the  deck.  The  alime  fraction  would  th«i 
have  been  a  separate  study.  The  additional  equipment  needed  for  thii 
classitication  and  elevation,  however,  would  add  greatly  to  first  cost  and 
labour  charges.  Direct  concentration  of  the  whole  battery  pulp  at  a 
loading  of  one  ton  per  square  foot  per  day  seems  to  be  a  simpler  and 
cheaper  method  for  the  smaller  tonnages  of  gold  ores.  Ball-mill  circulating 
pulp,  normally  deslimed  in  the  classifier  and  capable  of  adjustment  of 
the  solid-water  ratio,  is  also  a  separate  study. 
CONCLUSION 

It  cannot  be  claimed  that  there  is  very  much  that  is  original  in  this 
machine  ;  it  is  so  clearly  descended  from  both  vanner  and  strake  practice. 
The  one  described  here  was  designed  in  the  light  of  tho  author's  own 
experience  and  prejudices  and  Messrs.  F.  Issels  and  Son,  of  Bulawayo. 
who  constructed  the  steelwork,  modified  the  original  sketchea  to  conform 
to  engineering  practice  and  to  utilize  available  materials.  Several  other 
forms  of  this  general  type  of  machine  can  be  visualized  and  the  author 
would  expect  equally  good  work  from  them  all.  Such  a  machine  could  be 
of  great  help  in  a  low-tonnage  gold  mill,  particularly  where  much  of  the 
gold  is  tree  or  coarse.  It  is  not  costly,  draws  only  one  horsepower  to 
operate  it  and  has  a  high  capacity  even  when  working  a  dilute  stamp 
battery  pulp.  It  does  not  hold  up  gold  and  can  be  comparatively  easily 
guarded  against  theft.  Once  the  belt  has  been  trained  almost  the  only 
labour  should  be  that  necessary  to  empty  the  hutch  and  transport 
concentrate. 
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further  contribvied  remarks  on  paper  published  in  Bulletin  509,  April  1949 

Mr.  l.  u.  8ALKIELD  :  I  have  read  the  discussions  on  this  paper  with 
interest  and  would  like  to  make  a  few  comments,  especially  about  pyrite 
and  the  rate  of  removal  of  the  labile  sulphur.  Pyrite  is  far  from  a  constant 
chemical  compound,  being  seldom  found  in  a  pure  state.  Dr.  David 
Williams,  in  an  article  in  Thorpe's  Dictionary  of  Applied  Chemistry,  says: 
'Pyrite  is  notably  non-stoichiometric,  its  composition  ranging  from 
FeSi.94  to  FeS2.o4»  ©ven  at  ordinary  temperatures,  with  a  corresponding 
variation  in  physical  properties*.  The  work  done  by  Allen  and  Lombard(^> 
was  on  a  very  pure  pyrite,  said  to  come  from  Colorado,  and  containing 
46-71  per  cent  Fe  and  53-29  per  cent  S;  it  is  questionable  whether  there 
were  any  traces  of  impurities  present. 

Many  investigators  have  determined  the  dissociation  pressure  of 
pyrite,  but  they  have  all  worked  in  a  temperature  range  between  675 
and  689°C.,  just  on,  or  slightly  below,  the  transformation  or  transition 
point,  where  pyrite  alters  to  pyrrhotite — FenS^^+i.  Thus,  the  dissociation 
pressure  curves  obtained  are  for  the  reaction — 

2nFeS2  +  heat  =  SFe^S^+i  +  n-lSg, 
and  not  the  reaction — 

2FeS2  +  heat  =  2FeS  +  83, 
which  has  been  commonly  assumed  and  on  which  the  thermodynamic 
properties  of  pyrite  have  been  calculated^*).  Allen  and  LombardC^)  found 
*A  strong  absorption  of  heat  in  pyrite  between  665  and  686°C.*,  attribut- 
ing this  to  the  fact  that  the  vapour  pressure  of  the  sulphur  present  had 
reached  atmospheric  pressure.  Apparently  they  had  not  considered  that 
this  absorption  might  have  been  due  to  the  formation  of  pyrrhotite,  when 
the  lattice  changes  from  the  cubic  to  the  hexagonal  structure. 

Work  carried  out  on  a  more  impure  pyrite  (the  analysis  is  given  later) 
showed  that  this  strong  absorption  of  heat  takes  place  between  694  and 
696°C.  This  was  the  only  transition  point  observed  between  the  tempera- 
tures 240  and  946°C.  Perhaps  the  best  data  on  the  dissociation  pressure  of 
pyrite  are  those  given  by  D'OrO  and  shown  in  Fig.  7. 

In  the  Orkla  furnaces,  where  the  sulphur  content  of  the  gases  is  about 
200  g.  per  cu.m.,  the  vapour  pressure  is  just  over  18  mm.Hg.  (assuming 
that,  of  the  total  sulphur  molecules  present,  15  per  cent  are  Sj,  61  per  cent 
are  S«,  and  24  per  cent  are  Sg).  No  dissociation  would  be  expected  below 
the  temperature  of  588-590°C.  This  is  above  the  temperature  of  vaporiza- 
tion of  the  high-arsenic  sulphur  mentioned  by  Mr.  Bich.  In  other  words, 
contrary  to  Mr.  Bich*s  contention,  this  high-arsenic  sulphur,  which  is 

(*)  See  references  at  end  of  contribution,  p  30. 
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deposited  on  thf  cold  charg«<  entering  the  furnace,  \i  removed  from  iw 
BUiface  before  labile  Bulphur  would  be  liberated  from  the  pyrite. 

Mr.  Bich,  in  his  written  contribution,  is  perfectly  correct  when  h* 
says  that  the  kinetics  of  the  calcination  of  pyrite  are  extremely  important. 
It  is  to  be  regretted  that  he  did  not  give  the  final  weights  of  the  calcined 
mineral,  nor  the  original  and  final  complete  analyses.  Without  this  infor- 
mation the  usefulness  of  those  data  is  much  impaired,  because  it  i? 
impoBsibls  to  calculate  the  amount  of  labile  sulphur  released. 

The  theory  for  the  dissociation  of  a  solid  is  that  it  starts  at  certain 
xentres,  usually  on  the  surface  of  cracks  and  lattice  imperfections,  tiw 
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reaction  then  spreading  along  the  surface  and  into  the  interior.  When 
pyrite  is  heated  in  an  inert  atmosphere  the  surface  becomes  covered  with 
cracks  after  a  very  short  interval  of  time,  the  whole  mass  increasing  in 
volume.  This  growth  is  stroncly  reminiscent  of  the  opening  of  a  rose,  from 
bud  to  fuli  bloom,  because  the  pyrite  forms  what  are  to  all  interns  and 
purposes  hundreds  of  petals.  It  has  been  noticed  by  many  investigators 
that  the  rate  of  dissociation  of  a  solid  increases  with  decrease  of  particle 
aize  up  to  a  point,  but  below  a  certain  size  (about  150-200  mesh)  the  rate 
decreases.   This  statement  only  applies  when  the  particles  are  lying 
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quiescent  and  not  suspended  in  a  gas.  In  the  case  of  pyrite,  although  the 
rate  of  dissociation  must  be  somewhat  retarded  by  the  size  of  the  mineral 
entering  the  blast  furnace  when  compared  with,  say,  a  1-mm.  particle, 
neverthelesB,  owing  to  the  cracka  forming,  the  retardation  is  not  so  great 
AS  it  would  be  in  the  case  of,  Bay,  limestone. 

Id  tests  carried  ont  at  Hio  Tinto  the  rate  of  dissociation  of  pyrite  was 
determined  as  a  function  of  temperature  and  time.  The  results  are  shown 
in  Pig.  8  and  are  interesting  as  showing  that  the  rate  of  dissociation 
increases  rapidly  to  between  75  and  82  per  cent  removal  of  the  labile 
sulphur,  depending  on  time  of  calcination;  after  this  the  rate  gradually 
decreases  until  100  per  cent  of  the  labile  sulphur  has  been  removed. 

As  pyrite  is  hy  no  means  homogeneous,  the  mineral  was  crushed  to 
minus  60-mesh  to  get  as  standard  a  sample  as  possible  for  each  test.  The 
pyrite  was  of  the  following  percentage  composition:  Cu,  0-S5;  S,  51-00; 
Ff,  44-64;  As,  0-85;  Zn,  0-20;  Pb,  0-11;  Bi.  0-005;  moisture,  0-23;  rest 


<SiOj,  CaO,  etc.).  2-615.  The  labile  sulphur  was  24-53  per  cent.  In  the 
tests  samples  each  of  5  g.  were  put  in  a  porcelain  boat  and  placed  in  an 

electrically-heated  j-in.  silica  tube,  brought  up  to  the  required  tempera- 
ture before  each  test.  An  inert  gas  (carbon  dioxide  or  nitrogen)  was 
passed  through  the  tube  at  the  rate  of  50  c.c.  per  min.  (The  nitrogen  was 
freed  from  oxygen  by  being  passed  over  heated  charcoal.)  On  heating  the 
mineral  to  a  temperature  of  490°C.  for  7  hours,  only  0-04  per  cent  of  the 
labile  sulphur  was  lost.  On  the  other  hand,  when  the  mineral  was  heated 
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to  810'  for  7  houm.  to  860°  (or  4  hours,  and  to  960°C.  tor  2  hours,  all  the 
labile  sulphur  was  removed. 

It  will  be  noticed  from  the  curves  that  at  the  traneformation  tem- 
perature there  is  no  sudden  change  in  the  rate  o(  elimination  of  salpbui. 
From  these  curves  it  is  easy  to  appreciate  why  there  is  such  disparity  in 
the  formula  tor  pyrrhotite.  As  mentioned  by  Mr.  Stanley  Robson  iii  thi' 
discuBBion,  it  appears  to  vary  from  Fe|S,  to  Fe,j&u,  or  in  fact  even  higher. 
It  seems  to  depend  on  the  time  of  heating  the  mineral  at  the  temperature 
of  the  transformation  point. 

Although  the  fact  is  not  recognized  in  the  published  Uterature  the 
dissociation  pressure  curve  for  pyrrhotite  need  not  necessarily  be  the 
continuation  of  the  curve  for  pyrite.  It  would  be  interesting  to  know  if  the 
dissociation  pressure  for  pyrrhotite  has  been  determined. 

Clark  and  Spittle  in  their  work  on  'The  manufacture  of  hydrogen 

sulphide''*)  give  same  interesting  information  on  the  rate  of  dissociatioa 

of  the  labile  sulphur  from  pyrite.  As  the  gas  over  the  pyrite  was  hydrogen. 

combining  readily  with  sulphur,  the  sulphur  vapour  pressure  must  have 

been  very  low  and  thus  the  rate  of  dissociation  was  extremely  rapid. 

They  based  their  calculations  on  the  time  required  to  remove  85  per  cent 

of  lh^  Ulnlr  siil[ii.iir.  Tilt:  Litjaiysis  ..t  thi-  pyril.'  i)sc-d  ,-uT)laiiii.d  51-.54  per 

cent  S,  of  which  24-35  per  cent  was  labile  sulphur,  and  was  very  simUar 

to  the  analysis  already  given,  although  the  arsenic  content  was  Ies8. 

The  mineral  was  screened  between  minus  ^  and  plus  \  in.  Some  of  the 

leBoIts  given  are  shown  in  Table  XVII  (Cf .  Fig.  6).   For  a  fall  appreciation 

TABLE  XVH 

Temperature  Tims  for  removal  of  85% 

°C  of  the  labile  sulphur 


of  the  data  the  original  paper  should  be  consulted;  the  space  velocities  of 
the  gas  passing  over  the  pyrite  are  also  given. 

Dr.  Levy  states  that  he  found  that  pyrite  heated  above  860°C,  tended 
to  fuse  and  slag  with  the  silica  tube.  This  is  surprising,  because  no  sulphide 
combines  with  silica.  Is  the  explanation  a  trace  of  oxygen  in  the  inert  gas 
nsed?  The  melting  point  of  ferrous  sulphide  is  given  as  1180°C.,  and 
certainly  up  to  960°C.  the  writer  has  under  similar  conditions  never  seen 
any  sign  of  fusion.  In  fact,  after  nearly  all  the  labile  sulphur  has  been 
removed  from  lump  pyrite  it  can  be  powdered  by  the  slightest  pressure. 
As  the  ferrous  sulphide  is  so  fragile  it  is  always  a  mystery  to  the  writer 
how  it  behaves  in  the  lower  zones  of  the  blast  furnace — i.e.  before  it 
becomes  molten. 

It  has  been  found  by  Kohlmeyer<*)  that  at  the  boiling  point  many 
sulphides  begin  to  lose  sulphur.  No  doubt  this  is  the  reason  for  the  loss  of 
sulphur  and  the  formation  of  carbon  disulphide  reported  by  Dr.  Levy, 
but  the  writer  is  under  the  impression  that  the  boiling  point  of  ferrous 
sulphide  is  much  higher  than  any  temperature  mentioned  by  Dr.  Levy. 
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Sowever,  when  a  molten  sulphide  is  mixed  with  carbon  the  temperature 
it  which  decomposition  commences  is  said  to  be  lowered,  so  perhaps  the 
carbon  crucible  helped  the  decomposition  of  the  ferrous  sulphide. 

It  is  doubtful  if  we  are  correct  in  assuming  that  in  the  blast  furnace  the 
inal  stage  in  the  release  of  the  labile  sulphur  before  oxidation  is  Fe^Sg, 
)ut  it  is  a  convenient  end  point,  as  we  cannot  expect  much  above  91 
)er  cent  recovery  of  the  labile  sulphur. 

In  the  discussion,  the  suggestion  made  by  Mr.  Stanley  Robson  and  Mr. 
Rich  that  the  charge  might  be  preheated  with  benefit  before  it  enters  the 
urnace  certainly  has  some  merit,  if  only  to  remove  moisture.  However, 
IS  the  gases  must  leave  the  top  of  the  furnaces  at  a  temperature  of  between 
100  and  450°C.,  then,  if  the  charge  enters  at,  say,  200°C.,  the  rate  of  heat 
iransfer  between  the  hot  gases  and  hot  charge  would  be  much  less  than 
«rhen  using  a  cold  charge.  This  would  mean,  as  Mr.  Rich  admits,  a  much 
ligher  furnace  column  and  it  is  doubtful  whether  the  extra  cost  of  higher 
pressure  blast  would  compensate  for  any  further  sulphur  recovery.  In 
:act,  the  writer  believes  that  no  better  sulphur  recovery  would  be 
)btained. 

Mr.  Stanley  Robson  asked  whether  a  thermodynamic  survey  had  been 
fnade  for  the  probability  of  the  chemical  reactions  in  the  furnace.  This 
ias  been  done  and  the  work  confirmed  later  by  that  of  C.  W.  Siller  in  his 
paper  *Carbon  disulfide  from  sulfur  dioxide  and  anthracite'.^ 

All  the  equations  given  by  the  authors  have  standard  free  energy 
changes  considerably  less  than  0.  However,  it  is  interesting  to  consider 
the  reaction — 

CSg  +  SO2  =  CO2  +  fSg. 
^t  1000°F  A  F°  is  —23,700  (where  A  F°  is  the  standard  free  energy 
change),  and  yet  CS2  is  present  in  the  exit  gases.  The  reaction  can  only 
take  place  if  the  carbon  disulphide  and  sulphur  dioxide  molecules  are 
brought  close  together  by  a  catalyst.  (The  concentrations  of  these  two 
^ases  in  the  furnace  gases  are  not  high  enough  for  any  direct  reaction.) 
Thus,  although  the  thermodynamic  calculations  definitely  show  that  the 
reaction  can  take  place,  it  gives  no  guidance  as  to  how  it  should  be 
performed.  Likewise,  the  equation — 

SO2  +  2H2S  =  2H2O  +  fSa 
should  take  place  at  any  temperature  above  300°C.,  but  on  catalysing 
the  gases  the  most  effective  results  are  obtained  at  temperatures  of  less 
than  200°C.  This  is  because  there  is  a  number  of  different  sulphur  mole- 
cules which  alter  with  temperature.  If  the  reaction  is 

SO2  +  2H2S  =  2H2O  +  fSg (1) 

\  F°  at  200°C.  is  about  +  1,060,  but  if  the  equation  is 

SO2  +  2H2S  =  2H2O  =  |Ss (2) 

then  A  F°  at  200°C.  is  about  —15,000.  As  sulphur  gas  at  200°C.  is  chiefly 
3g  the  above  reaction  (2)  will  take  place. 

Mr.  Stanley  Robson  suggests  the  recycling  of  the  sulphur  dioxide  from 
the  discharge  gases  after  the  cold  Cottrells.  If  the  sulphur  dioxide  could 
be  removed  from  the  exit  gases  and  concentrated,  by  one  of  the  many 
known  processes,  then  recirculating  the  sulphur  dioxide,  by  adding  it  to 
the  blast,  would  certainly  help  sulphur  recovery,  provided  the  moliexv 
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ferroiia  sulphide  was  at  a  tomptTuture  o[  over  ISOO'C,  below  which  the  j 
velocity  of  the  reaction  2FeS  +  80,  =  2FeO  +  fSj  is  too  slow. 
However,  perhaps  he  was  oonBidering  the  beneficial  effect  of  a  bigber  j 
concentration  of  sulphur  dioxide  ii]  the  gases  at  the  reducing  zone.  Again, 
a  higher  concentration  would  most  certainly  give  a  bettor  recovery.  This 
la  shown  in  Robert  Lepsoe's  exci-Ikint  paper  on  the  'chemistry  of  sulfur 
dioxide  reduction^.' 

Finally,  Dr.  Levy  mentioned  the  rapid  elimination  of  arsenic  tri- 
sulphide  when  pyrite  is  calcined:  this  is  also  mentioned  by  Clark  and 
Spittle'*).  They  make  the  observation  that  if  pyrite  is  first  used  forths 
production  of  HjS,  the  residue  remaining  can  easily  be  roasted  and  th« 
BDlphtir  dioxide  gas  is  practically  free  from  arsenic. 

Not  only  is  arsenic  eliminated,  but  also  bismuth,  as  well  aa  lead  and 
some  zinc,  depending  on  the  temperature  and  time  of  calcination.  Thu«, 
the  removal  of  arsenic  is  as  shown  in  Table  XVIII. 
TABLE  XVIII 
TemperatuTB  Percentage  of  As  left  in  caJoinee  after  beating 

°C,  1  hour  2  hours  7  houra 

470  0-3ii  0-20  on 

650  0-16  010  007 

esO  0-02  0-01  nil 

eeO  nil  nil 

The  bismuth  removed  is  as  shown  in  Table  XIX. 
TABLE   XIX 
Temperature  Percentage  Bi  left  in  eilcinos 

°C.  after  2  hours'  caleination 

470  0-OOS 

S»  0-004 

iao  0002 

72s  o-OOl 

960  Trace 

On  heating  pyrite  to  960°C.  in  an  inert  atmosphere,  all  the  lead  was 
removed  and  about  25  per  cent  of  the  zinc.  The  original  analysis  of  the 
mineral  was  given  earUer. 
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Mr.  n.  e.  lbnander:  Before  going  closer  into  the  subject  I  would  like 
to  express  my  satisfaction  that  the  process  has  found  interpreters  so 
eminently  capable,  as  well  as  my  admiration  for  the  work  carried  out  at 
Bio  Tinto.  The  subject  matter  has  been  arranged  in  a  remarkably  clear 
way  so  that  even  those  not  already  earlier  familiar  with  the  proces.s  can 
thoroughly  study  its  technology  and  understand  without  difficulty. 
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I  have  examined  the  figures  given:  (1)  for  the  gca  quantity  per  ton  of 
yrUe,  founded  on  a  C-balance  (Table  I),  (2)  for  the  sulphur  balance,  founded 
n  the  supposed  gas  quantity  of  1,250  cu.  m.  per  ton  of  pyrite,  and  (8) 
Dr  the  equUibria  of  the  various  sulphur  compounds  (Table  III).  I  have  no 
bjeotions  either  to  the  way  of  making  the  calculations  or  to  the  results 
•btained. 

I  have  read,  and  agree  with,  what  the  authors  say  about  the  enormous 
[ifficulties  involved  in  obtaining  accurate  samples  and  analyses  of  the 
umace  gases.  My  own  experience  has  taught  me  how  difficult  it  is  to  have 
.  sampling  and  analysis  that  gives  the  correct  distribution  of  sulphur  in 
he  gases  as  between  the  various  compounds  of  SOg,  COS,  GS2,  etc.  The 
esults  specified  in  the  paper,  founded,  as  is  confessed,  on  broad  assump- 
ions,  must  naturally  not  be  regarded  as  absolutely  fixed.  The  authors 
nention,  for  instance,  that  calculations  have  been  made  with  a  coke  the 
jialysis  of  which  is  as  follows  (p.  24):  volatile  compounds,  1  per  cent; 
iflhes,  max.,  8  per  cent,  and  moisture,  max.,  8  per  cent.  It  is  stated  that 
he  specification  aimed  at  for  the  coke  for  the  furnace  is  that  cited  above. 
Nhen  examining  the  figures,  it  will  be  found  that  it  is  this  analysis 
^hich  has  been  employed;  but  then  follows  the  statement: 

*  ActuaUy  great  difficulty  has  been  experienced  in  obtaining  Spanish  coke 
rhich  even  approaches  this  ideal;  most  of  the  coke,  received  from  the  North  of 
Ipain,  contains  not  less  than  15  per  cent  e»h,  and  on  occasions  26  per  cent,  while 
he  moisture  is  rarely  less  than  10  per  cent  and  sometimes  reaches  15  per  cent.* 

!^othing  is  said  about  the  volatile  compounds.  When  comparing  these 
conditions  with  those  at  San  Domingos  (and  with  those  prevailing  all 
)ver  the  world  during  recent  years)  it  seems  as  if  it  would  have  been 
advisable  to  calculate  with  coke  of  a  quality  inferior  to  the  one  assumed 
>y  the  authors. 

For  the  sake  of  completeness  it  might  have  been  suitable  to  give  a 
^Iculation  showing  how  the  moisture  qjf  the  air  affects  the  equilibria  and 
nfluences  the  balances.  Also  it  might  have  been  profitable  when  treating 
ihe  section  on  'the  practice  of  the  process*  to  have  given  greater  attention 
)0  discussing  the  classification  of  the  charge — i.e.  the  particle  size  of  the 
coke,  ore,  quartz,  and  limestone.  In  addition  I  think  that  the  most 
effective  way  of  studying  the  various  effects,  when  changing  the  composi- 
)ion  of  the  charge,  would  be  to  find  out  a  really  effective  method  and 
apparatus  for  measuring  the  quantity  of  air  introduced  at  various  intervals 
nto  the  furnace.  It  would  then  be  much  easier  to  follow  the  furnace 
)peration,  and  one  would  have  to  rely  less  on  the  analyses  which  are 
)btained  at  a  much  later  date.  It  would  also  be  easier  to  follow  how  the 
concentration  of  the  matte  should  be  regulated  in  a  proper  way. 

My  remarks  should  be  considered  as  constructive  only.  I  am  pleased 
mce  more  to  congratulate  the  authors  on  the  excellent  work  carried  out 
)y  the  Orkla  process,  one  to  which  I  have  to  some  extent  contributed. 
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Totes  on  Mining  Education  and  Postgraduate 
'raining 

A.  S.  BITSON,  O.B.B.,  D.8.O.,  M.C.,  MEMBER 

irther  contributed  remarks  on  paper  published  in  Bulletin  511,  June  1949 

Mr.  a.  m.  bensusan:  Two  points  are  stressed  in  the  discussion  on 
-ofessor  Bitson's  paper:  the  present-day  student's  lack  of  mining 
kckground;  and  the  fact  that  the  necessary  experience  is  gotten,  not 
ven. 

It  is  understandable  that  au  entrant  into  the  profession  who  is 
ificient  in  such  background  may  well  be  at  a  loss  to  know  what  experi- 
ce  he  should  set  out  to  get,  and  with  what  real  object  he  is  getting  it. 
B  is  thus  more  easily  side-tracked  into  some  ctd-de'Sac.  Manual  labour 
the  start  of  his  career  is  not  a  substitute  for  this  deficiency;  it  only 
[fles  any  existing  'thirst  to  know  and  understand'.  Bather  should  the 
aduate  be  shown  the  final  aim  of  his  endeavours  at  the  outset,  by  close 
ntact  with  management;  he  cannot  then  fail  to  appreciate  his  own  lack 
ability  in  that  direction.  He  can  then  be  sent  to  the  next  lower  steps  in 
e  organization  and  learn  to  appreciate  the  difficulties  there.  Following 
e  principle  through  subordinate  positions  the  learner  must  before  long 
t  anxious  to  experience  the  fundamental  problems  theau^elv^s — 
ck-breaking,  maintenance,  etc. — ^if  only  for  the  sake  of  his  personal 
ide;  he  will  know  his  aim. 

If  such  a  scheme  (to  serve  as  proxy  for  a  mining  engineer  father)  could 
I  put  into  practice,  the  present  difficulty  would  seem  to  be  largely 
ercome. 

Mr.  d.  v.  storrs:  It  has  been  very  interesting  to  me,  as  a  student,  to 
ad  the  stimulating  discussion  which  followed  the  introduction  of 
rofessor  Bitson*s  notes  on  mining  education  and  postgraduate  training. 
I  a  member  of  one  of  the  four  interested  parties,  one  likely  to  be  affected 
r  any  action  taken  from  the  final  conclusions  of  this  discussion,  I  thought 
at  a  few  conmients  would  be  in  order. 

I  would  like  first  to  explain  that  I  am  an  ex-service  student  and, 
erefore,  older  by  six  or  seven  years  than  the  average.  At  the  Royal 
(hool  of  Mines,  however,  there  is  such  a  strong  bond  between  *ex-service* 
id  *boy'  students,  that  the  gulf  may  appear  to  be  wider  than  it  actually 

Contrary  to  some  previous  statements,  this  has  been  an  extremely 
ntroversial  discussion,  the  main  problem  having  been  that  of  integrat- 
g  the  theoretical  and  practical  training  of  the  embryo  engineer.  Broadly 
leaking,  there  are  two  schools  of  thought:  those  in  favour  of  a  sensibly 
2^d  system  of  postgraduate  training  given  by  the  industry  (designed  to 
ovide  the  necessary  experience)  and  those  who  would  prefer  to  increase 
le  period  of  practical  training  undergone  while  at  the  university  and 
cbnical  school  and  then  to  give  the  student  a  definite  job  of  work  on 
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Braduatton.  Before  returning  to  this  difference  of  opinion  I  think  it  it 
important  briefly  to  review  the  links  in  the  education  chain  which  lead 
up  to  it. 

The  first  link  is,  of  course,  the  school.  School  training  is.  in  itself, 
ft  highly  controversial  subject.  I  will  content  myself  by  saying  that  iti 
prime  task  is  to  train  minds  to  think  clearly  and  accurately,  and,  at  the 
same  time,  to  provide  necessary  incentives  for  thinking.  Thought  is  for 
the  young  (and  I  hope  for  the  young  only)  a  somewhat  painful  business— 
at  best  a  poor  nubstitute  (or  action,  from  which,  instead  of  being  compli- 
mentary, it  is  often  divorced.  The  training  for  clear  thinking  usuallv 
involves  subjects  in  which  accuracy  is  at  a  premium — such  as  classics  and 
mathematics.  As  Mr.  J.  A'C.  Bergne  has  testified,  this  necessary  process 
ie  often  extremely  repugnant  to  the  scholar  and.  therefore,  not  conducix'e 
to  voluntary  thought.  To  overcome  this,  and  the  natural  resistance  tu 
thought,  it  is  necessary  to  balance  the  syllabus  by  providing  some 
subjects — such  as  English  literature  and  history — which  stimulate  the 
imagination  and  which  start  the  student  thinking  on  the  broadest  possible 
lines. 

The  second  link  is  the  university  or  technical  school.  It  is  difficult  for  a 
student  to  view  this  training  objectively — in  fact  it  is  not  his  job  to  trj. 
It  is  worth  mentioning,  however,  that  students  find  that  the  further  their 
course  progresses,  the  greater  the  value  of  their  vacation  work.  This  is  as 
it  should  be.  but  can  all  other  technical  students  make  this  claim  about 
their  eourses?  At  the  same  time,  the  remarks  of  Mr.  L.  C.  Hill,  referring 
to  the  necessity  for  constant  review  of  training  in  relation  to  contemporary 
requirements,  bear  emphasis,  not  only  from  the  point  of  view  of  making 
additions  to  the  course,  but  also  from  that  of  cutting  out  the  dead  wood. 

The  third  link  is  the  practical  training  provided  by  the  industry.  It 
would  appear  that  a  young  mining  engineer  needs  between  two  and  three 
years'  practical  experience  before  he  can  be  considered  a  real  asset.  Tlw 
divergence  of  opinion  occurs  as  to  how  this  should  be  obtained.  The  prw 
and  eons  of  the  two  possibilities  have  been  fully  explored  by  Professor 
Kitson  and  subsequent  speakers,  and  it  seems  that  some  change  is  due. 

On  graduation  the  student  wants  a  responsible  job  of  work.  He  want* 
to  feel  that  he  is  a  part— however  small- — of  the  team  entnisted  with  the 
responsibility  of  obtaining  ever  improving  results.  He  wants  to  be  in  a 
position  in  which  he  can  use  his  ability,  energj',  and  imagination  to  the 
full.  I  think  these  are  legitimate  desires. 

It  is  not  for  a  student,  however,  to  suggest  what  is  best  for  him  when 
graduated;  he  is  not  in  a  position  to  know,  although  he  is  in  a  position  to 
state  his  general  desires.  If  the  industry  can  contrive  in  some  meaanre  to 
satisfy  these  desires,  very  much  better  results  will  be  obtained  from  tb« 
young  graduate. 

Seen  in  this  light,  the  prospect  of  a  set  postgraduate  course,  of,  say, 
two  years,  is  not  attractive.  The  altemative  has  been  clearly  set  out  by 
Mr.  Lawford  and  Mr.  L.  C.  Hill  and  is  much  more  likely  to  oommeod 
itself  to  the  student.  It  moat  not,  however,  be  supposed  that  I  am  against 
postgraduate  training;  I  contend  only  that  it  should  be  as  short  as  possible 
and  be  mainly  concerned  with  teaching  local  conditions  and  methodi. 
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The  bulk  of  ihd  practical  work  should  be  done  before  graduation; 

It  remains  to  be  examined,  therefore,  how  the  student  may  best 
obtain  more  practical  experience  before  graduation.  A  year's  work  under- 
ground between  school  and  college  seems  to  be  the  answer.  I  suggest  that 
when  a  student  from  school  applies  for  a  place  in  a  college,  the  advantageis 
of  this  scheme  are  clearly  pointed  out,  and  that  an  offer  to  make  the 
necessary  arrangements  is  made.  With  good  liaison  between  college  and 
industry  this  seems  a  practical  proposition,  and  there  would  be  further 
advantages  arising  from  it,  as  pointed  out  by  Mr.  J.  S.  Sheppard. 

Finally,  there  is  the  question  of  the  rearrangement  of  college  terms  and 
vacations,  in  the  sandwich  system,  in  order  to  improve  opportunities  for 
vacation  work  whilst  at  college.  This  might  be  a  practical  proposition  for 
independent  colleges  and  bear  close  examination.  The  case  of  colleges 
attached  to  universities  is  somewhat  different  and  there  is  at  least  one 
serious  disadvantage.  Breadth  of  outlook  has  been  stressed  as  important. 
A  university  life  helps  to  provide  this  through  communal  activities.  This 
advantage  would  be  much  reduced  if  the  mining  departments  worked 
different  terms  from  those  of  the  remainder  of  the  college  or  university. 
But  perhaps  it  would  be  possible  to  provide  an  extra  month's  long 
vacation  by  careful  rearrangement,  without  sensibly  altering  the  dates 
of  the  three  terms? 

Dr.  q.  A.  schnellmann:  The  mode  of  employing  young  graduates  no 
doubt  varies  widely.  My  own  (I  hope  unusual)  experience  was  that, 
engaged  by  London  office  as  an  'underground  learner*  at  an  appropriately 
low  salary,  I  arrived  overseas  to  be  given  immediate  charge  of  a  section 
of  the  mine,  with  the  status  and  responsibilities,  but  not  the  salary,  of  a 
shift-boss. 

It  can,  of  course,  be  argued  that  this  is  one  way  of  learning,  but  it  is 
apt  to  be  expensive  for  the  company  and  can  scarcely  be  described  as 
ethical.  Surely  it  is  essential  under  present-day  living  conditions  for  a  new 
graduate  to  be  in  a  position  to  earn,  which  entails  being  worth,  a  sub- 
stantial salary?  Fewer  and  fewer  parents  are  in  a  position  to  subsidize 
young  men  during  the  years  of  subsistence-level  wages  envisaged  by  many 
speakers.  Moreover,  when  to  the  undergraduate  years  are  added  two  years' 
military  service  and,  say,  two  years  at  learner  wages,  a  young  man  must 
necessarily  be  approaching  80  before  he  can  anticipate  the  domesticity 
which  is  the  normal  human  desire — and  is,  we  are  assured,  essential  to  the 
perpetuation  of  the  more  intelligent  sections  of  the  community. 

It  appears  to  me  that  the  solution  of  the  problem  lies  partly  at  least  in 
a  more  effective  use  of  the  vacation  periods.  Observation  forces  me  into 
reluctant  agreement  with  Messrs.  Bergne  and  Symons.  To  a  large  propor- 
tion of  students  vacation  work  is  merely  an  irksome  putting  in  of  the 
minimum  underground  time  required  by  their  college  regulations.  It 
would,  incidentally,  be  interesting  if  Professor  Bitson  would  tell  us  what 
proportion  of  his  own  students  returns  substantially  more  than  this 
nunimum  period. 

FutiUty  is  not,  however,  inherent  in  the  vacation  work  system,  which 
needs  organization  in  place  of  its  present  apparent  haphazard  nature. 


Cannot  the  Institation  make  effective  use  of  its  influenM  aii3~]^« 
oanvaBsmg  imniDg  companieB  with  a  view  to  establishing  a  definite  scheme 
for  vacation  experience,  bearing  in  mind  that  there  are  still  mines  in  thii 
country  where  a  student  mining  engineer  can  acquire  the  fundamentals, 
if  not  the  ultra-modern  refinements,  of  making  a  hole  in  the  ground  safelj 
and  efBciently?  This,  after  all,  is  the  essence  of  his  job  now  that  the  mining 
geologist  on  the  one  side  and  the  mineral  engineer  on  the  other  have  taken 
over  large  sections  of  what  was  formerly  his  territory. 

Many  of  the  things  listed  by  Professor  Ritson  could  be  taught  effectively 
in  well -organized  vacation  work,  the  student  having  to  do  the  jobs  himself 
and  not  being  permitted  to  assume  the  rdle  of  a  slightly-bored  observer. 
Others  could  be  taught  in  the  mine,  which  should  be  an  integral  part  of 
»very  mining  school's  teaching  aids,  while  the  remainder  should  be  oon- 
siderably  pruned  or  entirely  ehminated — e.g.  twelve  weeks'  underground 
surveying  and  two  weeks'  assay  office.  These  are  the  jobs  which,  ai 
Professor  Ritson  himself  says,  a  man  can  do  efficiently  immediately  on 
graduating. 

Probably  the  beat  postgraduate  training  is  to  "keep  moving'  for  the  firal 
few  years,  seeing  and  operating  a  variety  of  mining  methods.  By  joining 
the  typical  group,  be  its  postgraduate  training  scheme  of  the  best,  ■ 
graduate  is  in  danger  of  over- specializing— e.g.  he  becomes  a  highly 
efficient  banket  miner,  for  instance,  but  'hasn't  a  clue'  ho^  to  tackle  an 
irregular  replacement  deposit  or  even  a  fissure  vein. 


Experiments  on  the  Removal  of  Selenium  and 
Tellnriam  from  Blister  and  Fire-refined  Copper 

W.  A.  BAKER,  B.sc,  f.i.m.,  and  A.  P.  C.  HALL0WE8,  b.so.,  a.i.m. 


Fufiher  contributed  remarks  on  paper  published  in  Bulletin  518,  August  1949 

Mr.  f.  d.  l.  N0AKE8:  The  authors  are  to  be  congratulated  on  the  clear 
presentation  of  their  report  on  this  interesting  series  of  experiments.  It  is 
to  be  hoped  that  their  work  will  inspire  some  large-scale  tests  on  the 
removal  of  these  troublesome  elements,  either  during  fire-refining  or  at 
some  earlier  stage  in  the  production  of  copper.  The  increased  use  of 
electrolytically  refined  copper  in  industry  should  not  mask  the  fact  that 
direct  fore-refining  is  quicker  and  cheaper,  and  is  therefore  to  be  preferred 
unless  precious  metals  are  present  in  sufficient  quantity  to  render  their 
recovery  an  economic  consideration. 

The  presence  of  bismuth,  selenium  and  tellurium  always  gives  rise  to 
difficulties  and  many  fire-refining  troubles  would  be  avoided  if  these  ele- 
ments could  be  excluded  from  the  blister  copper.  The  papers  by  Buch  and 
by  Stevens,  to  which  the  authors  refer,  have  shown  that  bismuth  can  be 
and,  at  two  smelters,  is  being  removed  on  a  commercial  scale  during  the 
conversion  of  high-grade  matte,  even  though  the  high  temperatures 
involved  cause  heavy  wear  on  the  converter  linings.  H.B.  Potts,  in  a 
recent  paper,*  has  shown  that  bismuth  and  arsenic  can  be  efficiently 
removed  from  a  low-grade  matte. 

Previously,  it  has  been  generally  agreed  that  the  conditions  that 
favour  bismuth  removal  during  conversion  encourage  retention  of 
selenium  and  tellurium  in  the  copper  and,  in  fact,  substantially  all  the 
selenium  and  tellurium  delivered  to  the  smelter  usually  passes  into  the 
blister  copper.  The  authors,  however,  have  shown  that  with  partial 
conversion  of  high-grade  mattes,  leaving  10  to  20  per  cent  of  the  copper 
as  white  metal,  the  bulk  of  the  selenium  and  tellurium  does  not  enter  the 
copper,  and  it  seems  reasonable  to  assume  that  this  would  also  hold  true 
for  low-grade  mattes.  If  a  practical  method  could  be  evolved  for  separat- 
ing the  remaining  high-selenium  white  metal — and  this  should  not  prove 
an  insuperable  problem — it  should  be  possible  to  remove  first  arsenic 
and  bismuth  and  then  selenium  and  tellurium  during  the  one  converting 
operation.  Up  to  90  per  cent  of  the  blister  copper  produced  should  be 
suitable  for  direct  fire-refining  and  only  the  remaining  high-selenium 
blister  from  the  conversion  of  the  accumulated  impure  white  metal  would 
need  electrolytic  refining. 

In  view  of  the  earlier  remarks  of  the  authors  concerning  the  removal 
of  selenium  by  volatilization,  some  experiments  carried  out  by  the  writer 
in  the  laboratories  of  the  Boyal  School  of  Mines  may  be  of  interest. 

*  Further  notes  on  converter  practice  at  Rio  Tinto.  BtUl,  Instn,  Min,  Meialt., 
No.  496,  March,  1948. 
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Id  the  course  of  certain  investigations,  some  samplee  of  pure  oxygeO' 
free  high-con duotivity  copper  were  heated  with  varying  amounta  ol- 
BpectroBcopically-pure  selenium  shot  to  temperatures  well  above  tbi 
melting  point  of  copper.  Samples  of  O.F.H.C.  copper,  weighing  100  g. 
and  holding  varying  amounts  of  the  selenium  inserted  into  plugged  hoi* 
were  placed  in  small  individual  salamander  crucibles.  The  samples  wemi 
covered  with  pure  crushed  graphite  and  six  of  these  small  crucibles  wei« 
placed  in  one  large  salamander  crucible,  which  was  also  filled  with 
crushed  graphite  and  was  then  sealed  with  a  lid.  The  whole  was  beatedi 
in  a  gas  injection  furnace  to  1'250°C.  and  held  at  that  temperature  for  | 
hours.  Subsequent  analysis  gave  the  following  results: 

Selenium  odtiol  Selenium  found 


Nil 

O'OOIOT 

001 

0'0127 

C'05 

0'0Q41 

0-10 

0-106 

O'SO 

0-488 

10 

0-857 

A.S 


The  figures  suggest  that,  under  these  reducing  conditions,  somtf 
selenium  migrated  from  the  high-selenium  samples  to  the  lower- selenium 
samples.  Most  of  the  selenium  contents  are  cojisiderably  higher  thou 
would  be  found  in  any  commercial  copper. 

In  a  subsequent  experiment  the  conditions  were  similar  except  that  tlia 
individual  small  crucibles  were  also  covered  with  lids  and  that  the 
temperature  was  first  held  at  1150°C.  for  4  hours  and  then  raised  t« 
1801>-1360°C.  for  2  hours.  The  analvses  showed: 


Selenium  added 

Selenium  found 

percent 

NU 

Trace 

002 

00175 

0-08 

0-0708 

0-25 

0-241 

0-7S 

0-687 

2-00 

1-68 

B.a 

These  figures  indicate  some  loss  of  selenium  by  volatilization.  That  the    ' 
loss  was  not  due  merely  to  volatilization  of  elemental  selenium  before  it 
became  alloyed  with  the  copper  is  shown  by  the  following.  After  the  first 
period  of  heating  at  1150°C.  for  4  hours  the  samples  were  examined  to  b«    | 
if  fusion  had  taken  place.  They  were  then  replaced  and  reheated  to 
1850°C.  and,   during  this  second  stage,  a  platinum/platinum-rhodinm 
thermocouple,  inserted   through   the  lid  of  the  large   crucible,   failed. 
Micro -examination  of  the  fracture  showed  the  presence  of  selenium  a«    | 
deep  red  spots  on  the  platinum.  The  quantity  of  selenium  volatilized 
too  small  for  this  treatment  to  be  <       ' '       ' 
removal,  but  these  results  appear  to 
observations  on  hydrogen- blown  syntheti 


dered  as  a  possible  method  of 
in  conformity  with  the  authors' 

melts. 
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NOTICE   OF  GENEKAL   MEETING 

The  Third  Ordinary  General  Meeting  of  the  Fifty-Ninth  Session  of  the 
Institution  of  Mining  and  Metallurgy  will  be  held,  by  kind  permission,  in  the 
Apartmenta  of  the  Geological  Society  of  London,  Burlington  House,  Piccadilly, 
London,  W.l,  on  Thursday,  15th  December,  1949,  at  5  p.m. 

The  paper  for  discussion  will  be  Management  in  Industry,  Mr.  F.  G.  Hill's 
Presidential  Address  last  year  to  the  Chemical,  Metallurgical  and  Mining  Society 
of  South  Africa,  published  in  the  July,  1949,  issue  of  the  Bulletin.  Mr.  Hill  has 
kindly  given  his  consent  to  this  arrangement. 

Light  refreshments  will  be  provided  at  4.30  p.m.  for  members  and  visitors 
attending  the  Meeting. 

The  Council  invite  written  contributions  to  the  discussion  of  papers  from 
members  who  may  be  unable  to  be  present  at  the  Meetings  of  the  Institution. 
The  Council  reserve  the  right  to  edit  and  condense  such  contributions. 

The  Institution  as  a  body  is  not  responsible  for  the  statements  made  or  opinions 
expressed  in  any  of  its  publications. 
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ELECTION  OF  OFFICERS  AND 
OVERSEAS  MEMBERS  OF  COUNCIL 
FOR  THE  SESSION  1950-51 

The  Council  of  the  Institution  have 
pleasure  in  announcing  the  election  or 
re-election  of  the  following  Officers  for 
the  Session  1950-51: 

President:  Col.  L.  C.  Hill,  d.s.o.,  m.c. 

Hon.  Treasurer:  Mr.  Robert  Annan. 

Vice-Presidents:  Mr.  A.  L.  Butler, 
•O.B.E.,  Mr.  Tom  Eastwood,  Mr.  Donald 
QUI,  M.c,  and  Sir  Arthur  Smout,  j.p. 

^e  following  have  been  nominated 
for  election  as  Overseas  Members  of 
'Council  for  1950-51,  and,  as  only  one 
nomination  was  received  for  each 
territory  and  no  ballot  will  therefore  be 
required,  will  be  declared  to  be  elected 
at  the  next  Annual  General  Meeting: 

Canada^  Mr.  R.  W.  Diamond;  Austra-  ' 
kuria,  Mr.  M.  A.  E.  Mawby;  South  Africa, 
Mr.  Kenneth  Richardson;  India  and 
Pakiaian,  Mr.  E.  R.  Dempster;  the 
UJ3.A,,  Mr.  C.  O.  Lindberg;  Malaya, 
Mr.  W.  M.  Warren;  Northern  and  SouiJi- 
em  Rhodesia,  Mr.  B.  W.  Durham;  Ecut 
Africa,  Mr.  Hugh  Sandys;  West  Africa, 
Mr.  A.  T.  Climas. 

THE  PRESIDENTELECT 

Col.  L.  C.  Hill  was  educated  at  St. 
Lawrence  College  ami  received  his 
technical  training  at  the  Royal  School 
of  Mines,  London.  He  graduated  as 
B.Sc.  (London)  and  A.R.S.M.  (Mining) 
in  1912,  being  awarded  the  Brougli 
Medal,  cuid  took  up  a  post  in  Spain 
with  the  Rio  Tinto  Co.,  Ltd.  The  whole 
of  his  subsequent  professional  career 
has  been  with  the  same  Company.  By 
1928  he  had  become  Technical  Deputy 
Manager,  a  post  which  he  held  imtil  he 
joined  the  army  in  1940.  Since  the  end 
of  the  war.  Col.  Hill  has  been  Technical 
Adviser  to  the  Rio  Tinto  Company, 
with  headquarters  in  London,  and  has 
made  several  visits  to  oversets  mining 
fields  in  that  capacity. 

The  President -Elect  has  a  dis- 
tinguished record  of  military  service 
in  the  two  World  Wars.  In  1914  he  was 
commissioned  in  the  Royal  Engineers, 
and  first  served  in  174  Tunnelling  Coy., 
R.E.  In  1916  he  beceune  Assistant 
Controller  of  Mines,  Third  Army,  and  in 


the  following  year  took  over  the  com- 
mand of  177  Cov.,  with  the  rank  of 
major.  During  World  War  I  he  was 
awarded  the  D.S.O.  and  M.C.  In  1940  hs 
was  recommissioned  and  until  1942 
commanded  the  First  Tunnelling  En- 
gineers, R.E.,  with  the  rank  of  lieuten- 
ant-colonel. Afber  aervioe  with  thai 
group  in  England  and  Malta,  he  was 
appointed  Deputy  Chief  Engineer, 
Malta,  in  1942,  and  Chief  Engineer, 
Malta,  in  1943,  with  the  rank  of  coloneL 

Col.  Hill  relinquished  his  com- 
mission under  the  age  limit  in  Novem- 
ber, 1944,  and  immediately  joined  the 
Admiralty  Runner  Service,  where  be 
served  until  the  end  of  the  war  as  s 
deck-hand  on  fleet  tenders  and  other 
small  craft. 

Himself  the  son  of  a  mining  engineer 
— the  late  Alexander  Hill,  m.i.m.m..  of 
Messrs.  Alexander  Hill  and  Stewart — 
his  own  son  is  at  present  a  student  at 
the  Royal  School  of  Mines. 

OVERSEAS  MEMBERS  OF  COUNCIL 
FOR  RHODESIA  AND  INDIA  FOR 
THE  CURRENT  SESSION 

The  Council  announce  the  election, 
under  Bye-law  30(i).  of  Mr.  B.  W. 
Durham  and  Mr.  E.  R.  Dempster  as 
Members  of  Council  for  Rhodesia  and 
India,  respectively,  for  the  remainder 
of  the  Session  1949-50,  to  fill  the 
vacancies  caused  by  the  death  of  Mr. 
Geofifrey  Musgrave  and  the  resignation 
from  the  Council  of  Mr.  R.  G.  K. 
Morrison,  who  has  taken  up  residence  in 
Canada. 

STUDENT  APPLICATIONS 

The  Council  have  recently  considered 
the  case  of  those  who  wish  to  join  the 
Institution  as  Students  but  are  over  the 
maximvun  age  for  admission  laid  down 
in  the  Bye-laws,  owing  to  their  having 
served  in  H.M.  Forces  or  in  other 
branches  of  national  war  service.  To 
avoid  injustice  in  such  cases  the  Council 
have  resolved  that  they  will  consider 
an  application  for  admission  to  Student- 
ship from  any  candidate  over  28  years  of 
age,  provided  (i)  that  his  application  is 
received  before  1st  January,  1953,  and 
(ii)  that  he  has  been  in  war  service  for  a 
period  at  least  equal  to  the  perioii  by 
which  his  age  exceeds  28  years. 
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POSIUM  ON  SHAFTS  AND 
FT  SINKING 

e  Chemical,  Metallurgical  and 
ig  Society  of  South  Africa  have 
shed  in  one  volumo  the  thirteen 
rs  on  design,  sinking  methods  and 
ktion  of  shaifts  which  formed  the 
tosium  arranged  by  the  Society 
rhich  were  published  in  the  Journal 
he  Society  for  the  months  of 
mber.  1948,  to  February,  1949, 
tfay  cmd  June,  1 949. 

e  Soci  ty  have  kindly  supplied  the 
u  ion  with  copies  of  tnc  symposium 
me,  for  sal)  to  memb.  rs  at  the 
;ed  price  of  £1  eaciu  Members 
ring  c«  pies  should  ''pply  to  the 
tary  of  the  Inst  tution,  Salisbury 
k--,  London,  £.C.  2. 


rs   AND   VIEWS 

e  Council  of  the  Institution  wish 
)gin  a  new  section  in  the  Bulletin 
1  they  hope  will  be  used  by  mom- 
of  all  classes  for  contributing  news, 

euid  observations  on  their  work 

the    industry.    The    Institution's 

cations  do  not  at  present  provide 

>  for  brief  notes  and  correspond- 

and  it  is  proposed  t-o  meet  this 
by  introducing  the  new  feature. 

e  Council  trust  that  the  new  section 
)o  welcomed  bv  members  and  that 

will  be  a  ready  response  to  this 
iition  for  contributions.  All  com- 
cations  for  publication  should  be 
to  the  Secretary.  It  will  be  under- 
.  that  the  responsibility  of  deciding 
iblish  communications  and  to  edit 

must  remain  with  the  Council. 


lARY   SERVICE— 
NSLATIONS 

e  Council  of  the  Institution  wish 
*rm  a  panel  of  translators  from 
g  members  of  the  Institution  for 
translation  of  technical  articles 
red  by  members,  the  cost  of 
1  would  be  borne  by  the  members 
hom  the  translations  were  made. 
Ders  willing  to  translate  articles 
ivited  to  notify  the  Secretary  of 
uiguages  and  subjects  they  would 
•take,  and  terms  of  remuneration. 

is  hoped  that  in  this  way  a  trans - 
I  service  may  be  established. 


NOVEMBER  GENERAL  MEETING 

Three  papers  were  submitted  and 
discussed  at  the  Second  Ordinary 
General  Meeting  of  the  Session,  held  on 
Thursday,  17th  November,  at  Burling- 
ton House.  They  were:  Factors  affecting 
the  rate  of  formation  of  zinc  ferrite  from 
zinc  oxide  and  ferric  oxide,  by  Mr.  D.  W. 
Hopkins,  which,  in  the  absence  of  the 
author,  was  introduced  by  Mr.  G.  L. 
Ev£uis,  Lecturer  in  Metallurgy  at  the 
Royal  School  of  Mines;  Oold  concentration 
at  the  Anialgamated  Banket  Areas  redttc- 
tion  plant,  by  Mr.  G.  Chad  Norris, 
Member,  introduced  by  Mr.  Robert 
Annan;  and  Some  notes  on  a  mechanical 
concentrator,  by  Mr.  T.  Haden,  Associate 
Member,  introduced  by  Mr.  E.  A.  Knapp. 
The  last  two  were  discussed  together;  a 
report  of  the  Meeting  will  be  published 
in  the  January  issue  of  the  Bulletin. 

REMAINING    MEETINGS    IN    THE 

SESSION   1949-1950 

The  dates  of  the  General  Meetings,  to 
be  held  on  the  third  Thursday  in  each 
month,  during  the  remainder  of  the 
Session  are  as  follows  : 

19th  January,  1950 
16th  February,  1950 
16th  March,  1950 
20th  AprU,  1 950 
18th  May,  1950 
15th  June,  1950 

JANUARY  GENERAL  MEETING 

The  paper  entitled  An  outline  of 
underground  operations  at  Mufulira  Cop- 
per Mines,  Ltd.,  by  Messrs.  J.  P.  Norrie 
and  W.  T.  Pettijohn,  which  is  published 
in  this  Bulletin,  will  be  submitted  for 
discussion  at  the  General  Meeting  to  be 
held  next  month. 


MEMBERS   FROM   ABROAD 

The  Council  are  always  anxious  to 
meet  members  who  come  to  England 
after  a  long  absence  abroad,  and  ask 
such  members  to  make  themselves 
known  to  the  Secretary  when  attending 
General  Meetings  of  the  Institution  at 
Burlington  House. 


CANDIDATES   FOR   ADMISSION 

The  Council  welcome  commonicaUons  to 
them  in  deciding  whether  the  qualificatioDfl  of 
candidates  for  admission  into  the  tnstitutino  fulfil 
the  requirementfl  of  the  Bje-laws.  The  application 
fonos  of  candidates  (other  than  those  for  Student- 
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The  following  have  applied  for  l.rans- 
fer  aincp  10th  November,  1949: 

Tu  Mkmbership 
Bhag  Singh  Lomba  [New  Delhi,  India). 
Ian    WabsWir   Morley    {Briabane,    .4tM- 

OBoffrpy  Charlee  Norman  [Obuaei.  Oo!'l 

Coa^t). 
Thomas  Pickering  (Lonrlan). 
Williara  Pul&ey  (Nairobi,  Kmya). 
Lealio  Vivian   Trewartha  (Turk-   Mine, 

Soutliem  Rhodefia). 

To  Associate  Membership 
Henry  Lawreni.'e  Butliu  (Johanncgbury, 

Transvaal), 
Ceoil  Frederick  Hopkinson  {Edwintlowe. 

NoUJnghnnnhire ) , 
William     James    Marshall     (Wms/on/, 
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S  William  David  Pritu  hard -Da  vies 

ISjirings.  Trarmvaal). 
Ronald  Teale  {Coventry.   W ara-ickshirt). 
Desmond   Evered   Wrighl   {Morocochu, 

Peru). 

Tlie     following     have     applied     Tor 
admission  Bint*  lOth  November,   1919; 

To  Meubership 
Kennrth  Artbur  Davica  [Enlehbc.  Ugan- 
da). 
Frank  Ludwig  {Springs,  TranevatU). 
I  Adolphe  Cbaries  Georges  Fienne  {Ipoh, 

Malaya). 

To  Associate  Membership 
Edwin  Bennetts  {Pemance,  Cornwall). 
WiUiam  Findlay  {Bam.  Malaya). 


TBASSFERS  AND  ELECTIONS  December  1949    I 

Robert  Beverley  HoirisoQ  (PrcjlBO,  QoU 

Coast). 
Olaf    Prina    Hiulitt    {KikUo    Lttmptu. 

Malaya). 
Ian     Donald     Maokay     {Johannabrnf,    I 

Transfiaal).  I 

Eli  Margo  {MaraUtnirg,  Tranmaat).  | 

John    Timn'el    Pullen    {Tartwt,    Gold 

CoasC). 

To    ArPlLIATESHlP 

Jna6  Pina  de  Aragoo  e  Costa  {LiMmn, 

Portugal). 
Barry    Hugh    .lames    Edmond    {Kuala 

Lumpur,  Molaiia). 
Archibald  Graham  {Dunalin,  \'eic  Zta- 

land). 
John  Neill  Jordon  {Saliabury,  SmOlitn 

Ehodesia), 
Robert  Mei)  Millar  {JiAanneaburg.  7nm«- 

To  Stij-dkstsuip 
Edwai'd  Leonard  AveriU  {London). 
William  Alexander  Brandum  {BaTkinf, 

E»^). 
David  Griffiths  {Loiulnn). 
William    Stanley    Hitksan    {Canitiimiat 

ComwaU). 
Terence      William      Hulme      (CAariM;    , 

Chfiihire). 
Bernard      Waller       Locke     { H'trnbten. 

MiddUaex). 
John  Patrick  Menyweather  {Konongo, 

add  Coaal). 
Edric  Arthur  Millard  (Deal,  Ktnt). 
Stephen    Nwachukwu    Ofomah    {Cam- 

bomt,  Comviall). 


TRANSFERS  AND  ELECTIONS 


The  ToUowing  were  transferred  (aub- 
j«ct  to  conRrmation  in  accordance  with 
the  conditions  of  the  Bye -laws)  on 
10th   November,    1949: 

To  Membership 
William  John  Albomo  {Konongo,   Gold 

Coast  Colony). 
Ernest  Thomas  Edward  Andrews  {Bar- 

berfon,  Transvaal). 
William    James    Bichan    {Rrgina,    Sas- 

kalchewan.  Canada). 
Gilbert  Frederick  Hatch  {Johannesburg, 

Tran«.-aal). 

To  Associate  Mbhbbiisuip 
John  Anthony  Desmond  Bell  {Preslra, 

Oold  Coast  Colony). 
Denzil  Vincent  Sydney  Dunn  {FihAusi, 

SotUhtm  Rhodtsia). 


Gerald   Percy   Hutton   (Duncdtn,   Net 

Zealand). 
Peter  Alexander  NichoUs  (Tarlcwa.  GM 

Coast  Colony}, 
Witlinm      Peter      Holford      Parkinson 

{Maryport,  Cumtierland), 
John  Eric  Rockingham  {Kaduna  June- 

li/m,  Northern  Nigeria), 
Terence    Albert    Rodgers    ( Valutoula, 

Fiji). 

The  following  were  elected  (subject 
to  confirmation  in  aocordance  with  tfat 
conditions  of  the  Bye-lawa)  on  lIHh 
November,  1949: 

To  Mkhbbrship 
Stacey   George  Ward  {Edgba^on,  Bir- 
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To  AasodATB  Membership 

WUliam  Davies  {Sheffield,  Yarkehire). 
Jchn  Raymond  Fletcher  {Kuala  Kuim, 

Malaya). 
P.     N.     Vijaya    Rctghavan    {Oorgaum, 

India). 
Stnian  James  Cmiynghame  Robertson 

{Kiaumu,  Kenya). 

To  Atfiliatbshif 

Oeorge  Furnace  Brown  {Rio  Tinto, 
JSpain). 

To  Studentship 

John  Anthony  Eaton  Allum  {London). 

Kenneth  Ernest  Sylvester  Applin 
{CtMimbomet  ComwaU). 

John  L»indon  Ashford  {Chandler a  Ford, 
Ham/pshire). 

Anthony  Ren6  Bar  ringer  {LoncUm). 

John  Hunter  Bennie  {Camborne,  Com- 
waU). 

George  H.  Boyle  ( Uppingham,  RuUand). 

James  Gerald  Bradmg  {Purlcy,  Surrey). 

Brian   Buckley   {Donc<ister,    Yorkshire). 

Michael  Henry  Cleary  {Camborne,  Com- 
waU). 

Patrick  Denis  Coakley  {Gwithian 
Toward,  ComwaU). 

'Harry  Kemp  Cole  {Bedford,  Bedford- 
ehire). 

John  Hamilton  Crawford  {Kalgoorlie, 
Western  Australia). 

Michael  Dore  Cniikshanks  {Heme  Bay, 
Kent). 

Andrew  Hugh  Philip  Fabel  {Reading, 
Berkshire). 

Isaac  Gk>ldberg  {Que  Que,  Southern 
Rhodesia). 

INTEWS  OF  MEMBERS 


Kbith  Francis  Gosling  {Mt.  Hawke, 
ComwcUl). 

Thomas  Albert  Winfield  Haddon  {Cam- 
borne, ComwaU). 

Frederick  John  Trevor  Hancock 
{Kidderminster,  Worcestershire). 

Robert  William  Alcui  Hansel  {St.  Ives, 
ComwaU). 

Peter  Henry  George  Hayward  {London). 

Thomas  Andrew  Henderson  {Hexham, 
Northumberland). 

John  Michael  Wren  Humphreys  {Lon- 
don). 

Bruce  Jones  {N^kana,  Northern  Rho- 
desia). 

Leong  Sing  Lim  {Camborne,  ComwaU). 

Tony  Bernard  Lock  {Kingston-on- 
Thames,  Surrey). 

John  Carlo  Loretto  {Montreal,  Canada). 

Keith  Edward  Mantell  {Hayle,  ComwaU). 

Edmund  Charles  Henry  Mardell 
{Enfield,  Middlesex). 

Thomas  Oswald  Martyn  {Wadcbridge, 
Cornwall). 

John  Walton  Martyr  {Camborne,  Com- 
waU). 

William  Garth  Barrington  Phillips 
{Framlingham,  Suffolk). 

James  Potter  {St.  Ives,  Cornwall). 

Frederick  Raynes  {Camborne,  ComwaU). 

Peter     William     Edward     Richardson 

{Camborne,  ComwaU). 
Mohan  Singh  {Camborne,  ComwaU). 

Michael  Wyndham  Stephenson  {Cam- 
borne, Comuxdl). 

Arthur  Raymond  Tron  {Gateshead,  Co. 
Durham). 

Peter  Lloyd  Walker  {London). 


Members,  Associate  Members,  Affiliates,  and  Students  are  invited  to  supply  the 
Secretary  vnth  personal  news  for  publication  under  this  heading 


Erratum:  In  the  annoimcement  in  the 
August  Bulletin  it  was  not  stated  that 
Mr.  R.  G.  Head*s  new  post  at  Mufulira 
was  in  the  Mine  Technical  Department. 
The  title  of  the  post  has  recently  been 
changed  to  ^senior  engineer  designer  in 
the  Mine  Technical  Department*. 

Mr.  B.  Bebinoeb,  Member,  has  left 
Palmiet  Chrome  Mines,  Ltd.,  Johannes- 
burg. 

Mr.  R.  Bowie,  AssocitUe  Member, 
expects  to  leave  Britain  early  next 
month  for  Tanganyika  to  take  up  a 
position  with  Geita  Gold  Mining  Co., 
Ltd. 

Mr.  A.  V.  Bradshaw,  Associate  Mem- 
ber, has  returned  to  England  from 
Portugal. 


Mr.  L.  Bristow,  Member,  has  left 
England  for  South  West  Africa. 

Mr.  E.  C.  Bromwich,  Student,  is  now 
working  in  Northern  Rhodesia  as  learner 
mine  official  with  Roan  Antelope  Copper 
Mines,  Ltd. 

Mr.  P.  M.  BussY,  Associate  Member, 
has  returned  to  EIngland  from  Sierra 
Leone. 

Mr.  A.  W.  Clare,  Associate  Member, 
has  returned  to  South  Africa. 

Mr.  J.  Davey,  Member,  returned  to 
Chile  last  month. 

Mr.  H.  I.  DuNSTAN,  Student,  has  taken 
up  an  appointment  at  Mysore  Mine, 
Marikuppam,  South  India. 

Mr.  P.  P.  Edwards,  Associate  Mem- 
ber, has  left  England  on  his  return  to 
India. 


Mr.  O.  G.  H.  Galb,  Membtr,  has 
returned  to  England  from  a  vacation  in 

Mr.  L.  GotTiiE,  ^«gDCia(e  Mtmber, 
resigned  his  post  wit]i  the  North  of 
Scotland  Hydro -Electric  Board  a  few 
months  ago  in  order  to  take  up  on 
appointment  with  Naragnta  Tin  Mines, 
Ltd.,  Northern  Nigeria. 

Mr.  J.  H.  Jackbob,  Agaociate  Mrmbtr, 
haa  left  England  for  Nortlicm  Khodeeia 
after  loavD  horo. 

Ur.  A.  M.  Jans,  Student,  is  now 
employed  at  the  Qrootvlei  ?ttine,  SpriiigH, 
Transvaal. 

Mr.  H.  A.  Lavers,  Member,  is  return- 
ing to  England  tliis  In□n^h  on  resigning 
his  position  lut  reduction  officer  nitli  the 
St.   •lohn   del   Rey   Mining   Co.,   Ltd., 

Mr.  D.  H.  McCau,  Aaociate  Member. 
has  retumod  to  the  Kolar  Gold  Field, 
India,  after  leave  in  the  United  King- 

Ur.  J.  E.  MKNzma,  Agaoeiale  Member, 
has  returned  to  the  United  Kingdom 
from  the  Gold  Coast. 

Mr.  U.  W.  Mimrrr,  Ataociatt  dfetn- 
ber,  will  leave  England  shortly  for 
Saudi  Arabia. 
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Mr.  P.  G.  F.  MoNBY,  AmociaU  Mm- 

ber,  mining  enginoer  for  Atlna  Sueb, 
Ltd.,  has  left  Canada  for  an  extended 
tour    of   Mexico,    Central    and    Sootli 


Mr.  L.  E.  T.  PARKen,  Ataociatf  Mem- 
ber, haa  returned  to  Abadan,  South  Ithd, 
from  England. 

Mr.  T.  I.  PiNEB,  Siiident.  baa  joined 
the  staff  of  Malayan  Tin  Dredging.  Ltd., 
Batu  Gajoh,  Perak. 

Mr.  Thomas  Pryor.  -UemAer,  has  left 
England  on  a  visit  to  India  and  expecu 
to  return  at  the  end  of  January. 

Mr.  H.  J.  Stockden,  AA»oeialti  Sltm- 
ber,  lias  been  transferred  from  Waaeia 
Reefs  Enploration  and  Dovelopmflnl 
Co..  Ltd.,  to  South  African  Land  and 
Exploration  Co.,  Ltd.,  BnUqian,  as  mil 

Mr.  P.  L.  ViVOBAH. Student,  has  takm 
up  employment  with  Blyvooruitiicht 
Gold  Mines,  Ltd.,  Transvaal. 

Mr.  Jack  Vf lUJiWf,  Student,  is  leaving 
South  West  Africa  for  England  eailj 
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Clakencb  ViyiAif  Patiu,  died  on  ITth  November.  1949,  at  the  age  of  6L  Hs 
entered  the  School  of  MetaJIiforouB  Mining  (Cornwall)  in  1918,  (tad  on 
obtaining  his  Diploma  in  1922  he  accepted  employment  in  South  A&ica 
at  Van  Hyn  Deep,  Ltd.  There  he  worked  for  21  years  as  assistant  siunpleT,  than 
on  machine  developing  and  stoping  and.  finally,  for  fifteen  months  as  ahifl  boai. 
Ha  returned  home  to  take  up,  in  January,  192li.  the  position  of  aasiataet 
manager  of  South  Crofty  mine.  Com  Broa,  Cornwall,  of  which  his  father  wai 
general  manager.  He  succeeded  his  father,  the  late  Captain  Joaiah  PbuO. 
Jj..  U.I.H.U.,  in   1030,  and  became  a  director  of  South  Crofty  in  1946. 

Mr.  Paull,  who  was  a  member  of  the  Board  of  Governors  of  the  CambonM 
School  of  Mines,  was  elected  to  As^ociatoship  of  the  Institution  in  1934  and  vnM 
transferred  to  MombcTHbio  in  1047. 


Metals    Reference    Book.    Colin    J. 
SmTHELia,  ed.  London:  Butterworths 
Scientific    Publications.    Ltd.,     1049- 
736  p..  000  Qgs.  60b.,  by  post  Sis.  3d. 
There  can  be  no  doubt  that  this  is 
one  of  the   most   important  reference 
books  on  metals  that  has  appeared  in 
the  English  language.  It  contains  some- 
thing for  every  kind  of  metallurgist,  but 
unfortimately     the     bias     is     strongly 


towards  the  physical  side,  so  that  its 
appeal  to  members  of  this  Institution 
is  likely  to  be  limited,  as  may  bo  judged 
from    the    fallowing    outline     of    the 


After   fourteen    pages    of   tables   of 


factors,  there  are  about  200  pages  of 
mathematical  formulae  and  physical 
data,   intended  mainly   for  the   meMi 


December  1949 


ADDITIONS   TO   JOINT   LIBRARY 


VU 


physicist.  This  is  followed  by  a  few 
pages  of  generally  interesting  informa- 
tion relating  to  geochemistry,  then 
nearly  200  pages  for  the  physical  metal- 
lurgist, including  an  admirably  com- 
prehensive collection  of  equilibriiun 
diagrams  of  alloy  systems. 

The  next  37  pages  contain  thermo- 
dynamical  data,  mainly  of  interest  in 
connection  with  the  physical  chemistry 
of  extraction  metallurgy,  and  the  next 
40  are  devoted  to  physical  properties, 
e.g.  thermal,  electrical  and  magnetic. 

The  following  70  pages  should  appeal 
to  engineers  as  well  as  to  metallurgists, 
as  they  are  packed  with  useful  informa- 
tion relating  to  the  mechanical  properties 
of  metals  and  alloys. 

The  remainder  of  the  book,  com- 
prising about  140  pages,  covers  a 
v€«iety  of  subjects  of  practical  interest, 
including  lubricants,  fuels,  refractories, 
foundry  data,  corrosion,  electro-plating 
and  welding. 

Most  of  the  information  is  given  in 
tables  and  diagrams.  It  has  been 
critically    selected,    and    skilfully    con- 


densed so  as  to  pack  the  maximum 
emiount  of  data  into  the  minimum  of 
space.  This  arrangement  is  admirable 
so  long  as  the  reader  has  a  good  know- 
ledge of  the  particular  branch  of  the 
subject  about  which  he  is  consulting 
the  book,  but  if  he  has  to  tiun  to 
unfamiliar  subjects  he  may  have  diffi- 
culty in  understanding  what  he  finds. 
In  most  of  the  sections  there  is  a 
certain  amount  of  descriptive  cmd 
explanatory  matter,  concise,  well-in- 
formed and  clearly  expressed.  Most 
readers  would  probably  appreciate  a 
considerable  increase  in  the  amount  of 
this  written  matter,  even  if  it  had  to  be 
made  at  the  expense  of  some  of  the 
tabulated  data  or  diagrams.  Bearing  in 
mind,  however,  the  fact  that  this  is 
strictly  a  reference  book  and  is  not 
intended  to  serve  as  a  text-book, 
congratulations  and  thanks  are  due  to 
the  contributors,  editors  and  publishers 
for  an  outstanding  piece  of  work.  The 
book  should  be  in  every  metallurgical 
librarv. 

M.  S.  Fisher. 
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Books  and  Pamphlets  : 

Sergwerk  und  Probierbuchlein.  A  trans- 
lation from  the  German  of  the 
*Bergbiichlein*  a  sixteenth -century 
book  on  mining  geology,  by  Anneliese 
Grunhaldt  Sisco  and  of  the  'Probier- 
buchlein' a  sixteenth -century  work  on 
assaying,  by  Anneliese  Gr  (inhale!  t 
Sisco  and  Cyril  Stanley  Smith,  witli 
technical  annotations  and  historical 
notes.  N.Y.:  A.I.M.E.,  1949.  196  p., 
illus.  $5. 

*  Canadian  mines  handbook  1949.  Toron- 

to: Northern  Miner  Press,  1049. 
360  p.,  tabs.  $2. 

*  Bbitish     Engineers*     Association. 

Classified  handbook  of  members  and 
their  manufactures.  1949.  London, 
British  Engineers*  Association,  1949. 
650  p. 

Dbaney,  Jfikck.  Diesel  locomotives- 
mechanical  equipment:  a  practical 
treatise  an  the  operation  and  mainten- 


ance of  railway  di^sel  locomotives, 
Chicago:  American  Technical  Society, 
1944.  472  p.,  illus.,  diagr.  31s.  6d. 

*  KiRKHAM,  Nellie.  Derbyshire  lead 
miniyig  glossary.  Cave  Research  Group 
Pubhcation,  No.  2.  Leamington  Spa: 
Cave  Research  Group,  1949.  34  p., 
illus.,  biblio.  3s. 

*  Oil   and  petroleum    year    book^    1949, 

Skinner,  Walter,  E.,  comp.  London: 
Skinner,  1949,  252  p.,  158. 

iNSTm^TE  OF  Petroleum.  Reviews  of 
petroleum    technology,  vol.  8   {covering 
1946).  George  Sell,  ed.  London:  The 
Institute  1949.  445  p.  tabs.,  biblio. 

*  South  African  mining  and  engineering 

year  book,  1949-50.  Incorporating  the 
Rhodesian  mining  year  book.  S.  R. 
Pott-er,  ed.  J 'burg:  South  African 
Mining  Journal  Syndicate,  1949^ 
567  p..  illus.,  tabs.  458 
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Wood,  William.  Plmmuii/  and  the  law:  a  Canadian   iNsriTms   or   Mimnu  xxn 

ffui^  t«  M«  Town  and  C'jurUri)  Planning  MarALLrBov.    TranKactions,    ml.   SI. 

Act,  1947.  Loadon:  Ppn-ival  Marahatt.  1S48.  Montreal:  The  lnstitutt^.   1M9. 

IMS.  288  p.  21b.  303  p.,  illiis.,  illagrs.,  tabs.,  biblin. 


GOT«mm«nt  Publication  h  : 

EaTTT,      OSOLOQICAL      SirilVKY      DEPT. 

Tematntd  theories:  a  tligenl  of  variowi 
viewe  ae  to  tht  origin  ami  deifJoptntHi 
of  the  earth  and  their  beariny  on  'he 
geology  of  Egypt,  by  W.  F.  Huine. 
Cairo:  Qovenunant  VreM.  1U48.  160 
p.,  illus.,  maps,  tabs.,  diugra..  biblin. 
P.T.  250. 


.  Waltber.  senior  aiitUor. 
Ferroua  mttaUurgy,  t-nl.  2.  if'.I.A.T. 
Twieio  of  German  tciemx,  i93S-i»46.) 
Qflimany:  MUiUuy  Oovt..  1949.  373  p., 
biblio.  (Qennan  text.) 

Gold  Coast,  Hinss  Dbpt.  Report  .  .  , 
for  the  year  1948-49.  Accra:  Govt. 
Printer,  194S.  17  p..  tab«.  U. 

Obeat  Bbitaln,  Imfehial  Institute. 
The  mineral  induetry  of  At  British 
Commonioealth  and  foreign  counfrtw. 
Slatitlical  rummary  (production,  <m- 
portnandexporU),  1941-1947.  London: 
H.M.S.O.,  1949.  341  p.,  taba.  21a. 

NlOBBlA,  Geolooical  SmVEV  Dept. 
Annual  report  for  I  be  year  J94S. 
Lagos:  Govt.  Printer,  1949.  55  p.. 
maps,  tabs,  diagra.  9d. 

Ontario,  Dept.  of  Mines.  General 
index  to  the  reporig  of  the  Ontario 
Department  of  Minee,  volumes  3G  to 
49  C1917-I940).  by  E,  A.  Trevor: 
Toronto:  King's  Printer,  1949.  505  p. 

South  Australia,  Dept.  of  Mines. 
Mining  review  for  the  half-year  ended 
3Ut  Deeanber.  1947.  no.  87.  Adelaide. 
Oovt.  Printer,  1949.  214  p.,  niaps, 
diagcB..  tabs. 


Proceedings  and  Reports : 

American  iNBTrrum  or  Miniko  and 
MKTAiximaiCAL  Engine  GRs.  Tran- 
aactionn,  coal  division,  vol.  177,  1948. 
New  York:  The  Institute,  1940. 
fi94  p.,  illus.,  tabs.,  diagrs.,  biblio. 
14.60. 


The  Chahber  or  Mines  or  llHODKaiiL 
t'»h  annual  rtport  for  the  year  I94i. 
Bulawnyo:  Tlie  Rhoilesion  T<whnir»l 
Press,  Lui..  1949.  30  p.,  tabs. 

INTXRMATIOHAL  OEOLOOIC.U.  CONUR^ 
{IBlb  Seesion).  II  giacimenio  piomba 
lincifero  di  Haibl  t'n  Friali  (/lafta): 
memoria  pretenlala  aUa  1 8a  aestionn 
del  Cimgrreiio  /nCerniuioiio/e  di  Omlogia 
—Londra,  1948,  by  Dino  di  Col- 
bert aldo.  Rome:  Curo  UpIIb  S.A. 
Miniero  fdve  Hi  Pppdil.  1948.  147  p., 
illuii..  rliagrs.  iiinpa.  Iiibn..  biblin. 

North  East  Coast  lN8TTT:noN  or 
Enoihkbbs  ans  Shipbuiuiers.  ZVon- 
»aetiiM»,  tixty -fifth  eesnon,  1948-49 
cdI.  eS.  Newcastle  upon  Tyne:  Ttit 
Institution,  1B49.  458  p.,  -|-  1S8  p., 
illus..  tabs. 

Transvaal  Chamber  of  Mines.  Pro- 
ettding*  at  the  Annual  Oeneral  Meeiint, 
held  in  Johonaetburg,  Monday,  27th 
June,  1949.  J'burg:  The  Chamber, 
1949.  21  p. 


1  La  Feche  map-area.  West  of  Si 
Meridian  Alberta,  Geological  sur\' 
preliminary  map  49-7A.  Scale  1 
=  i  mt.  Ottawa:  Dept.  oT  Mines  ( 
Resources,  1949.  (Siunmary  accoui 


Carp  Lakes.  Di-elritl  of  Macl-enzie. 
Northwest  Territories.  Geological  sur- 
vey, preliminary  map  49-8.  Scale: 
1  in.  ^  4  ml.  Ottawa:  Dept.  of  Mines 
and  Resources,  1940. 

CoUinn  Point,  Weal  of  principal  meridian, 
Manitoba.  Geological  sur\-ey,  pre- 
liminary map  49-9.  Scale:  2  in.  =-  1 
ml.  Ottawa:  Dept.  of  Mines  and 
Beeourcee,  1949. 


Pitchblende  occurrencea  between  Bearer- 
lodge  and  HoUah  Lakes,  Xorthtcetl 
Territories.  Geological  survev,  map 
49-ie.  Scale:  1  in.  =  600  ft.  Ottawa: 
Dept.  of  Mines  and  It«sources,  194S. 
2  sheets.  (Paper,49-16.) 
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An  Out Uiie  of  Undeirground  Oi^efatibns  at  Mufulira 
Copper  Mines,  Ltd.'*' 

J.  P.  NORRIE,  B.BC.t  AND  W.  T.  PETTIJOHN:  622.343  (689.4) 

A  "paper  published  on  Sth  December,  1949,  by  the  InstittUion  of  Mining 
and  Metallurgy,  to  he  submitted  for  discussion  at  the  Jarmary,  1950,  General 
Meeting. 

SYNOPSIS 

The  pap>er  describee  the  geology  and  physical  characteristics  of  the  orebodies 
and  country  rocks  at  Mufulira  and  traces  the  development  of  mining  methods  from 
the  commencement  of  operations  up  to  the  present  time. 

The  problems  encountered  and  the  methods  adopted  for  overcoming  them  cure 
discussed.  Current  mining  methods — shrinkage  stoping,  sub-level  stoping,  and 
block  caving — are  described  in  detail,  as  are  the  latest  developments  in  blast-hole 
drilling.  The  paper  also  covers  transport,  underground  crushing,  hoisting,  drainage, 
ventilation,  emd  the  organization  of  labour,  and  concludes  with  some  data  on 
mining  costs. 

INTRODUCTION 

The  MtJFULiRA  copper  mine  lies  in  latitude  12°  32'  8.,  longitude  28°  15' 
E.  in  Northern  Ehodesia,  ten  miles  from  the  Belgian  Congo  border,  and 
is  one  of  the  group  of  four  operating  mines  comprising  the  Northern 
Bhodesian  Copper  belt.  The  mine  is  connected  to  the  outside  world  by 
road,  rail  and  air,  the  airport  being  at  Ndola,  45  miles  to  the  south. 
The  climate  is  sub-tropical,  with  definite  wet  and  dry  seasons  of  six 
months*  duration,  an  annual  rainfall  of  about  50  in.  between  November 
and  April,  and  temperatures  varying  from  34°  to  95°F.  The  elevation  is 
4,100  ft.  above  sea  level.  The  sturrounding  country  is  gently  undulating 
and  well  covered  with  hardwood  timber. 

The  Bhodesian  copperfields  were  prospected  in  the  late  1920*8  and 
the  mines  bame  into  production  in  the  early  1930*s.  By  the  time  the 
recent  war  had  started  the  district  was  a  major  copper  producer.  The 
importance  of  the  Mufulira  mine  in  the  field  is  best  indicated  by  the 
amount  of  copper  produced  during  the  six  years  ended  June,  1945; 
this  was  487,982  long  tons  of  blister  copper,  an  average  of  76,380  tons 
per  annum,  the  highest  annual  production  being  85,523  long  tons. 

GEOLOGY 

The  ore  deposits  at  Mufulira  are  on  the  limb  of  a  large  syncline  striking 
NW.-SE.  and  dipping  NE.  at  about  45°  towards  the  Congo  border.  The 
host  rocks  are  well-consolidated,  highly-silicified,  felspathic  quartzites 
of  the  lower  part  of  the  pre-Cambrian  *  86ries  des  Mines  *  of  the  Katanga. 
The  ore  rocks  are  underlain,  unconformably,  by  the  older  *  Muva 
Series  *,  in  this  case  hard,  green,  metamorphosed  quartzites. 

There  are  three  superimposed  orebodies,  the  first,  or  upper,  orebody 
averaging  40  ft.  true  thickness  with  a  strike  length  of  about  5,000  ft., 
the  second,  or  middle,  orebody  of  about  50  ft.  true  thickness  with  a 

♦  Paper  received  on  4th  July,  1949. 

t  Consulting  Mining  Engineer,  Mufulira  Copper  Mines,  Ltd.,  and  Roan  Antelope 
Ck>pper  Mines,  Ltd. 
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strike  length  of  about  6,000  ft.,  and  the  third  or  lower  orebodj  of  around 
60  ft.  true  thickness  with  a  strike  length  of  8,000  ft.  The  orebodies  are 
separated  by  varying  widths  of  waste,  or  very  low-grade  ore,  from  a 
few  feet  up  to  50  ft.  The  middle  and  lower  orebodies  are  so  close  together 
for  a  strike  length  of  8,000  ft.  that  they  are  mined  as  one  orebody.  In  all, 
the  mineralized  zone  is  about  200  ft.  in  true  thickness. 

Mineral  distribution  is  remarkably  even,  both  across  the  width  of  the 
orebodies  and  along  the  strike.  There  is,  however,  a  falling-ofif  in  width 
and  amount  of  copper  mineralization  towards  the  fringes,  particularly  to 
the  west;  so  much  so  that  when  the  mineraUzed  width  has  dropped  to 
about  ten  feet  the  copper  content  is  not  commercial. 

Mineralization,  occurring  as  bornite,  chalcopyrite,  and  chalcocite  (in 
order  of  importance),  consists  of  disseminated  particles  with  occasional 
stringers  and  veinlets  cutting  across  the  bedding  or  in  joints  and  other 
lines  of  weakness.  Malachite,  cuprite,  azurite,  chrysocoUa,  and  native 
copper  are  found,  but  not  in  quantity.  Down  to  about  900  ft.  below 
surface  there  is  considerable  secondary  enrichment,  generally  chalcocite. 

The  orebodies,  as  such,  do  not  outcrop.  Commercial  ore  ceases  at  from 
150  ft.  to  350  ft.  vertically  below  surface.  There  is  a  pronounced  rake  to 
the  north.  Diamond  drilling  has  outlined  the  ore  down  to  3,000  ft. 
depth  and  the  proved  ore  reserves  now  stand  at  86,233,000  tons  of  4*05 
per  cent  total  copper  and  0-07  per  cent  oxide  copper;  the  actual  reserves 
are  probably  much  greater. 

The  immediate  hanging- wall  of  the  mineraUzed  zone  is  a  200-ft.  thick 
band  of  argillaceous  quartzite  overlain  by  dolomite  shales  and  quartzites, 
all  heavily  water-bearing  (see  *  Drainage*).  The  immediate  foot- wall  of 
the  lower  orebody  is  a  cross-bedded  sandstone,  or  grit,  often  poorly 
consolidated,  sometimes  water-bearing,  but  generally  improving  in 
depth.  It  is  in  this  grit  that  haulages,  ore-passes,  and  other  development 
for  ore-gathering  must  be  excavated.  The  underlying  Muva  quartzite, 
already  mentioned,  is  in  such  a  position  as  to  be  the  rock  generally 
selected  for  shaft  sinking,  pump  stations,  crusher  stations  and  other 
big  excavations,  and  for  this  purpose  it  is  ideal. 

The  origin  of  the  ore  is  still  controversial,  but,  at  present,  the 
'syngeneticists*  can  produce  more  and  better  evidence  in  support  of  their 
theories  than  can  the  *epigeneticists*. 

DEVELOPMENT 

The  mine  was  originally  opened  up  by  a  series  of  inclined  shafts  at 
intervals  along  the  strike,  sunk  either  in  the  ore  horizons  or  in  the  foot- 
wall,  but  these  shafts  have  now  been  abandoned,  except  in  a  few  instances 
where  they  have  been  retained  for  access  and  ventilation. 

The  main  ore  handling  and  servicing  system  for  the  mine  consists  of 
two  vertical  rectangular  shafts,  Selkirk  and  No.  5,  which  extend  to  the 
1,900-ft.  level  and  which  are  connected  to  the  orebodies  by  main  cross- 
cuts on  the  460-ft.,  660-ft.,  900-ft.,  1,150-ft.,  1,400-ft.,  and  1,650-ft.  levels. 
Below  the  1,650-ft.  level  ore  handling  and  servicing  will  be  through  35** 
sub-inclined  shafts,  following  the  rake  of  the  orebodies,  using  the  1,650-ft. 
level  as  a  service  and  waste  transfer  level.  Ore  transfer  from  the  sub- 
incHned  shafts  to  the  vertical  shafts  will  be  by  a  48-in^  conveyor  belt 
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1400  ft.  long.  The  ore  will  be  crushed  before  reachmg  the  belt. 

There  are  two  main  ventilation  shafts,  one  upcast  and  one  downcast, 
each  22  ft.  in  diameter,  vertical,  and  smooth-lined  with  concrete.  The 
downcast  shaft  extends  to  the  1,650-ft.  level  and  is  connected  to  each 
main  cross-cut  which  is  working.  The  upcast  shaft  is  connected  to  each 
main  cross-cut  above  which  the  ore  has  been  mined  out — at  present  the 
460-ft.  and  660-ft.  main  cross-cuts.  All  main  cross-cuts  below  the  900-ft. 
level  are  of  22  ft.  by  11  ft.  section,  to  allow  of  double-track  haulage  and 
to  accommodate  the  large  quantities  of  air  required  for  ventilation. 

From  the  end  of  the  main  cross-cut  the  haulages  turn  ofif  to  follow  the 
foot- wall  of  the  orebody  and  at  varying  distances  below  it.  This  distance 
below  the  orebody  is  determined  by  the  mining  system  adopted  and  has 
varied  from  20  ft.  to  90  ft.  On  all  levels  down  to  and  including  the  1,400-ft. 
level  haulages  are  also  provided  in  the  orebodies,  following  the  strike,  in 
order  to  handle  rock  from  separately-mined  orebodies.  On  the  1,650  ft. 
level  the  orebody  haulages  are  to  be  replaced  by  cross-cuts  from  the 
foot-wall  haulage  into  the  orebodies,  so  that  tramming  on  this  latter 
haulage  will  not  be  delayed  by  runaways  from  ore-passes. 

All  haulages  are  provided  with  ditches  and,  in  the  case  of  all  levels 
from  the  1,150-ft.  level  down,  a  separate  travelling  way  is  run  parallel 
to  the  main  foot- wall  haulage,  about  20  ft.  from  it  and  from  2  ft.  to  3  ft. 
lower  in  elevation.  This  travelling  way  accommodates  all  main  air, 
machine,  water,  and  drainage  pipe-lines,  as  well  as  keeping  foot  traffic 
ofif  the  haulage  and  dealing  with  excess  drainage  water  which  might 
otherwise  delay  the  tramming. 

Haulages  are  generally  of  10  ft.  by  11  ft.  section.  All  chute  raises,  ladder- 
way  cross-cuts,  and  other  openings,  if  anticipated,  are  collared  as  the 
haulage  advances.  When  the  haulage  has  progressed  to  a  point  determined 
by  the  orebody  being  mined  and  the  mining  method  to  be  used,  secondary 
development  is  started — that  is,  the  running  of  ore-passes,  mining 
raises,  ladderways,  and  sub-levels.  Since  all  mining  now  tends  towards 
a  retreat  system,  this  secondary  development  is  concentrated  on  the 
initial  mining  faces  and  then  follows  a  regular  retreat  pattern  abead  of 
the  mining. 

The  position  of  haulages  and  secondary  development  is  generally 
determined  by  diamond  drilling  from  the  level  above.  Drainage  develop- 
ment— that  is,  running  cross-cuts  into  the  hanging-wall  strata — is  an 
important  one  and  is  given  precedence  on  any  new  level. 

In  driving  haulages  four  8^-in.  drifter  machines  are  used,  mounted  on 
standard  bar  gear.  A  drag  round  with  32  holes  gives  an  advance  of  8  ft. 
per  shift.  Rounds  are  cleaned  out  by  30-h.p.  scraper  slides,  electrically 
operated. 

Sub-level  headings  of  6  ft.  by  6  ft.  cross-section  are  advanced  4  ft.  per 
shift,  using  a  8|-in.  drifter  machine  and  spoil  is  generally  removed  by 
shovel  and  wheelbarrow.  Use  is  also  made  of  10-h.p.  air-driven  double- 
drum  hoists  in  scraping  out  headings  such  as  'scram  drives*  where 
-conditions  are  favourable.  In  raises  3-in.  or  3^-in.  stoper  machines  are 
4ised. 

The  steel  used  is  1-in.  quarter-octagon,  with  conventional  4-point  forged 
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bit.  With  the  exception  of  that  used  for  jackhammers  and  for  main 
haulages,  all  steel  is  straight-shanked.  Detachable  bits  are  used  in 
sections  of  the  mine  involving  awkward  transport. 

HISTORY   OF  MINING  METHODS 

The  original  diamond  drilling  from  surface  outlined  the  orebodies  fairly 
completely  and  indicated  that  while  the  various  bodies  were  well 
separated  by  leaching  action  above  about  the  460-ft.  level,  much  ore 
could  be  mass-mined  below  that  level. 

During  the  underground  exploration  of  1930  and  1931  it  was  realized 
that  a  major  drainage  problem  would  have  to  be  solved  before  any  mining 
method  involving  movement  of  the  hanging-wall  beds  could  be  entertained. 
Inrushes  of  water  from  a  leached-out  dolomite  between  the  top  and  middle 
orebodies  caused  temporary  abandonment  of  sections  of  the  mine  and 
nearly  resulted  in  the  loss  of  the  pumps  on  several  occasions.  This  drainage 
problem  coloured  all  discussions  on  the  early  mine  planning  and  this  is 
still  true  to-day,  since,  with  increasing  depth  and  pressure,  no  method  of 
roof  support  is  practicable  and  drainage  of  the  hanging-wall  strata  must 
precede  mining. 

The  first  stopes  planned  in  1931  were  to  have  been  above  the  360-ft. 
level  and  extending  to  the  top  of  the  ore  at  about  260  ft.  from  surface. 
These  stopes  were  to  have  been  sub-level  stopes  about  150  ft.  on  the  dip 
and  150  ft.  along  the  strike,  leaving  island  pillars  as  required.  A  consider- 
able amount  of  development  had  been  done,  but  no  stoping  actually 
commenced,  when,  owing  to  low  copper  prices,  the  mine  was  closed  down 
in  December,  1931,  and  subsequently  allowed  to  flood. 

Unwatering  operations  were  started  in  July,  1933,  and  by  the  end  of  the 
year  the  mine  was  in  a  position  to  produce  a  small  tonnage.  Development 
was  continued  for  a  period  on  the  pre-shutdown  basis  and  several  short- 
back  stopes  were  mined  from  the  360-ft.  level.  It  was  soon  found,  however, 
that  the  width  along  the  strike  had  to  be  reduced  below  the  planned  150  ft. 
with  island  pillars — particularly  in  the  second  (middle)  orebody,  with  its 
overlying  manganese-wad  and  decomposed  dolomite. 

During  this  period  the  Koan  Antelope  and  Nkana  mines  had  come  into 
production,  both  using  sub-level  mining  methods  in  ore  thickness  up  to 
about  40  ft.  The  success  of  these  comparatively  high  lift,  short-strike 
width  stopes  influenced  Mufulira  to  abandon  the  360-ft.  level  as  a  haulage 
and  adopt  the  460-ft.  level  for  the  purpose.  This  entailed  stopes  of  about 
800  ft.  to  860  ft.  on  the  dip.  After  much  experimenting  it  was  found  that  a 
stope  width  of  60  ft.  along  the  strike  was  generally  satisfactory,  although 
this  had  to  be  reduced  to  40  ft.  in  some  cases. 

Stopes  were,  of  necessity,  prepared  in  the  first  place  in  known  high-grade 
areas  and  practically  all  development  work  was  confined  to  ore.  After  the 
trial  and  error  period  all  stopes  were  arranged  so  that  the  pillars  in  the 
three  orebodies  should  be  superimposed,  the  pattern  emerging  being  60-ft. 
stopes,  with  15-ft.  pillars,  which  were  robbed  as  the  ground  dictated,  there 
being  six  stopes  to  a  block  of  466  ft.  on  the  strike  with  a  ladderway  in  the 
orebody  in  the  centre.  Depending  on  the  thickness  of  the  orebody,  these 
were  sub-level  *bench  and  trail*  stopes  or  semi-shrinkage  *back'  stopes. 
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The  ore  was  scraped  dowo  the  fuut-wall  of  the  stope  into  the  chut«  niset 
and  thence  by  gravity  to  the  haulages. 

At  first  no  method  of  roof  support  was  used.  The  middle  orebody  alopw 
generally  co!lapt<t>d  quietly  within  a  month  or  §o  of  completion,  whereas  in 
the  fimt  (upper)  orebody,  with  its  strong  argillaceouB  quartzite  hanging- 
wall,  as  much  as  1,000  ft.  with  pillars  was  opened  up  along  the  strike  before 
it  collapsed.  The  hazard  to  life  caused  by  the  air  blast  occasioiitid  by  thu 
sadden  eoUapae  of  such  an  excavation,  apart  from  Hooding  dangers,  called 
for  some  method  of  controlling,  if  not  entirely  preventing,  roof  movemeut. 
With  this  in  mind  experiments  with  sand-filling  were  started  in  1935,  bat 
it  was  some  time  before  it  reai^hed  a  stage  at  which  it  became  a  routins 
part  of  the  mining  operation. 

In  1936  the  first  attempts  at  mining  the  middle  and  lower  orebodies  u 
one  were  made.  The  usual  beuch  and  trail  methods  were  applied,  but  the 
number  of  sub-level  entrances  tu  the  stope  faces  was  increased;  ths 
dimension  of  60  ft.  along  the  strike  was  retained.  The  true  thiokneas  varied 
from  100  ft.  to  120  ft.,  or  up  to  180  ft.  on  the  horizontal. 

These  stupes  were  between  the  660-ft.  and  460-ft.  levels,  with  a  back 
length  of  from  250  to  800  ft.  At  first  no  method  of  backfill  was  used  and 
the  hanging-wall  was  allowed  tu  collapse,  prior  drainage  having  been 
effected.  So  long  as  the  hanging-wall  was  weathered  and  possessed  w 
great  strength  this  caving  caused  little  trouble  as  regards  airblnets,  but 
it  was  obvious  that  such  would  not  be  the  case  where  weathering  did  not 
occur,  so  that  sandfilhng  was  developed  to  the  stage  where  systematic 
filling  of  stupes  could  take  place  as  soon  as  the  mining  had  been  completed. 

One  of  the  chief  difficulties  with  these  outsize  stopes  was  in  disposing  of 
the  ore  broken.  Foot-wall  drawpoints  (Fig.  6)  were  adopted,  the  ore  being 
either  scraped  along  foot-wall  scram  drives  tu  a  central  ore-pass  by  tluw 
100-h.p.  scraper  hoists,  or  passed  through  grizzlies,  at  each  drawpoint.  to 
a  branching  ore-pass  system  tu  the  haulages.  In  this  case,  the  gravity 
system  was  found  to  be  better  suited  to  the  conditions  and  mure  productivB 
of  tomiage  than  the  scraper  system. 

During  the  period  1936  to  1940  several  variations  of  the  sub-level  open 
stope  method  were  tried.  Influenced  by  developments  elsewhere  ring 
drilling  with  rockdrills  was  used,  both  in  sub-levels  retreating  along  the 
strike  and  in  raises  retreating  up  dip.  After  large-scale  tests  extending  over 
two  years  ring  drilhng  with  rockdrills  was  discontinued,  because  of  slov 
and  costly  drilling  in  the  hard  quartzites,  excessive  rod  and  bit  breakages, 
loss  of  gauge  (requiring  large  starting  bits  up  to  3^  in.  in  diameter),  and, 
principally,  because  the  thickness  and  attitude  of  the  orebodies  did  not 
offer  any  appreciable  reduction  in  development  footage  with  the  length 
of  holes  it  was  found  possible  to  drill.  It  is  possible,  however,  that  the 
tungsten-carbide  bit  may  alter  views  on  past  experience  with  long  holes. 

Diamond  blast-hole  drilling  was  introduced  in  1939  and  large-scale  tests 
were  carried  out  in  stopes  varying  from  40  ft.  to  120  ft.  in  true  thickness. 
Holes  varied  in  size  from  1  J-in.  diameter  to  1  J-in.  diameter  (E  special),  the 
most  successful  crowns  being  coring,  thin  wall,  with  crushed  boart  in 
pressed  and  sintered  matrices.  Here  again  the  hard  and  often  variabkt 
rocks  presented  a  drilling  problem  which  is  not  yet  solved.  In  tb^  narrow 
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stopes — say  of  40  ft.  to  50  ft.  in  true  thickness — the  flat  dip,  together  with 
the  accumulation  of  large  rock  chunks,  involved  difficult  scraping,  while  in 
the  thick  orebodies  it  was  found  that  the  heavy  blasting  caused  damage  to 
the  narrow  pillars  left  between  stopes  as  sand-flll  retainers.  Owing  to  this, 
as  well  as  to  the  fact  that  faciUties  for  developing  a  suitable  bit  were  not 
available  in  war  time,  large-scale  diamond  blast-hole  drilling  was  discon- 
tinued. More  recently  research  on  diamond  crowns  has  given  a  new 
impetus  to  blast-hole  drilling  and  considerable  use  of  the  diamond  drill  is 
now  being  made  in  pillar  blasting. 

The  mining  pattern  evolved  at  this  time — that  is,  about  1939-1940 — 
was  one  of  superimposed  stopes  of  60-ft.  strike  width  with  nominal  16-ft. 
pillars,  in  blocks  of  six  stopes,  retreating  to  a  central  ladderway.  The 
mining  and  sandfilling  sequence  was:  Mine  two  lower  orebody  stopes  and 
sandflU;  mine  the  overlying  middle  orebody  stopes  and  sandfill;  mine  the 
overlying  upper  orebody  stopes  and  sandfill.  In  the  meantime  the  next 
adjacent  lower  orebody  stope  would  bo  mined,  and  so  on.  When  the  com- 
bined middle  and  lower  orebody  were  mined  together  the  sequence  was  the 
same.  Sandfilling  was  one  of  the  most  important  operations.  Practically 
all  the  tonnage  mined  during  the  war  period  was  obtained  in  this  manner. 

As  knowledge  of  the  drainage  problem  and  its  solution  developed  and 
because  of  the  possibility  of  obtaining  better  recovery  than  in  stope  and 
pillar  methods,  attention  was  again  directed  to  mass-mining  methods.  At 
the  same  time,  it  was  becoming  apparent  that  sandfilling,  while  serving  a 
very  useful  purpose  down  to  moderate  depths  of,  say,  1,000  ft.,  could  not 
continue  to  provide  adequate  roof  support  or — and  this  was  more 
important — prevent  crushing  of  pillars.  Means  had  to  be  devised  for 
dealing  with  pressure  on  remnants. 

For  the  combined  middle  and  lower  orebodies  *  Shrinkage  and  Pillar 
Caving'  was  introduced.  This  consisted  of  alternate  shrinkage  stopes  and 
pillars,  each  30-60  ft.  along  the  strike  and  extending  between  main  levels. 
The  pillars  were  undercut  and  wrecked  by  coyote  blasts  between  shrinkage 
stopes  and  the  broken  ground  drawn  ofif  from  a  system  of  foot-wall  draw- 
points  as  a  panel  along  the  strike.  An  ore  to  waste  draw  plane  of  45®  to  the 
horizontal  was  maintained,  retreating  from  the  ends  of  the  combined 
middle  and  lower  orebodies  towards  the  centre. 

Several  sections  were  prepared  and  mined  in  this  manner  and  the  panel 
draw  started.  While  the  shrinkage  stopes  provided  easy  mining,  under- 
cutting of  pillars  between  stopes  was  difficult,  in  that  small  pillars,  fatal 
to  satisfactory  caving,  were  sometimes  left  and  attempts  had  to  be  made 
to  remove  them  by  diamond  blast-holes  drilled  from  the  foot-wall  work- 
ings. The  coyote  blasts  were  none  too  satisfactory,  although  persistence  in 
using  them  would  probably  have  improved  results. 

The  pillar-undercutting  difficulty  led  to  the  suggestion  of  continuous 
undercutting,  in  blocks  25  ft.  square,  the  dip  being  around  40®.  At  the 
same  time  it  was  proposed  to  weaken  the  mass  of  the  ore  by  drilling  from 
cross-cuts  at  25-ft.  centres  on  a  vertical  plane,  thus  instituting  sub-level 
caving. 

At  this  time  it  was  considered  essential  that  the  orebody  should  be 
weakened,   as   experience   on   caving   hard   bedded   deposits   was  not 
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extenaive.  Weakening  £rom  crosB-cuta  was,  at  flrat,  iiitpoded  to  be  done 
by  diamond  blast-holes  from  chambers  to  be  drilled  aroimd  the  cros«- 
(.■■uta,  using  thf  latter  as  'cuts'.  This  weakening  method  was  never 
actually  applied;  it  was  discarded  in  favour  of  a  series  of  V-cnts,  nsiDf 
l2-tt.  holes,  along  the  cross-cuts,  the  resnlt  being  a  series  of  zig-zag 
pillars,  with  httle  strength,  across  the  thickness  of  tho  orebody.  Th« 
V-cnts  were  later  formed  by  using  sprung  holes — that  is,  holes. 8  ft. 
deep  drilled  in  pairs  8  in,  apart,  sprung  with  small  charges,  and  finally 
blasted  with  '20-25  lb.  of  60  per  cent  ainmon  gelignite  or  dynamic. 
These  sprung  holes  were  satisfactory  for  their  purpose.  Undercutting 
was  made  continuous  along  the  strike,  retreating  level  by  level,  from 
the  top  of  the  panel  downwards.  Undercutting  became,  in  effect,  a  serias 
of  small  rill  stopes  of  around  30  ft.  back  length  on  the  dip.  As  &  result  '>f 
local  experience  in  sub-level  caving  and  of  a  study  of  methods  used  in 
the  United  States  and  in  Chile,  block  caving  was  introduced,  at  Gr^t 
using  the  same  mass- weakening  measures  as  in  the  sub-level  caving. 
The  change  was  made  to  circumvent  the  hazards  of  continuous  under- 
cutting and  to  allow  of  better  accounting  for  the  ore,  as  well  as  to 
provide  a  greater  production  rate  for  a  given  area.  The  foot-wall  draw 
system,  a  pattern  of  drawpoints  at  25  ft.  centres  when  projected  on  « 
horizontal  plane,  with  scram  drives  covering  200  ft.  along  the  strike  or 
100  ft.  on  either  side  of  a  central  ore-pass  system,  remained  practicalk 
unchanged. 

It  was  found  that  prior  weakening  of  the  mass  of  the  ore  was  iv>t 
necessary  and  that  the  stresses  set  up  by  regular  undercutting  wciv 
sufficient  to  break  up  the  ore,  despite  its  great  strength.  This  is  a  com- 
paratively recent  development,  but  full  block  caving  is  at  present 
standard  practice  in  the  sections  of  combined  middle  and  lower  orebodies. 

In  dealing  with  the  narrower  orebodies,  of  up  to  about  40-tt.  thickness, 
where  the  relative  amount  of  foot-wall  development  in  waste  rock  would 
make  caving  methods  expensive,  the  tendency  has  been  to  think  along 
'open  stope'  lines.  The  &st  ideas  were  to  carry  on  mining  with  open 
sub-level  stopes,  of  shorter  dip  length,  and  blast  out  the  remaining  rib 
and  crown  pillars,  allowing,  or,  if  necessary,  inducing  the  hanging-wall 
to  cave  behind  the  working  faces.  Two  mines  in  the  Copperbelt  use 
such  methods  successfully.  Owing  to  the  comparatively  Hat  dip  and  to  the 
strength  of  the  hanging-wall  quartzites  it  was  decided  to  omit  the  rih 
pillars  and  to  have  a  series  of  crown  pillars,  three  per  main  haulage 
interval,  to  be  blasted  in  sections  as  the  face  retreated.  The  initial  caving 
of  the  hanging-wall  beds  was  to  be  induced  by  slots  cut  in  them  across 
the  dip  and  along  the  strike. 

This  method — 'Continuous  Retreat  Open  Sloping' — has  been  apphed 
to  the  upper  orebody,  which  must  now  be  mined  out  in  advance  of  the 
middle  and  lower  orebody  caving  blocks,  and  will  be  apphed  to  the 
sections  of  lower  orebody  on  the  fringes  where  there  is  no  overlying 
orebody.  This  continuous  retreat  method  has  not  been  used  for  a 
sufiBciently  long  period  to  lay  many  plans,  but  there  seems  no  reasoD 
why  it  should  not  be  successful  down  to  moderate  depths  of,  perhaps. 
2,000  (t.  from  surface. 
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CUKRENT  HININO  METHODS 
The  ooireut  nuning  methoda  are :  (1)  aetni-ghriuk  or  back  atoping; 
(2)  sub-level  stoping  (oonventioDal);  (8)  sub-level  atoping  (continuous 
retreat),  and  (4)  block -caving. 

Semi-Skrink  or  Back  Sloping 

This  method  is  used  in  the  single  orebodies,  where  the  ore  thiokaeas  ia 
lees  than  26  ft. 

Ladderway  raisea  are  run  from  one  haulage  level  to  the  next  above  at 
46S-ft.  intervals  along  the  strike,  with  niuung  raisea  between  at  75  ft. 
intervals,  giving  the  stope  a  dimension  of  60  ft  on  the  strike  by  300  ft. 
or  over  on  the  dip  by  the  ore  thickness  of  25  ft  or  leas  (Fig  4)   Where 


Fio.  4. — Semi-Bhrink  i>r  back  Btoping. 

ground  conditions  require  it  the  strike  width  of  the  stope  may  be  reduced 
to  40  ft.  or  80  ft.  and  the  dip  length  shortened.  Pillars  of  12  to  15  ft.  are 
left  between  slopes. 

Ore  chutes  on  the  haulage  are  placed  at  T5-ft.  intervals  and  connect  to 
a  grizzly  drive  40  ft.  above,  where  cross-cuts  are  run  into  a  grizzly  or 
bull-dozing  chamber  below  each  stope.  A  double-ended  three-bar  grizzly, 
with  a  24-in.  opening,  is  fed  by  ore  drawn  from  two  coiiea  serving  the 
60-ft.  stope.  The  next  level  up  the  dip  is  the  cone  drive,  about  26  ft. 
higher  vertically  than  the  grizzly  level,  and  this  is  used  for  opening  up  the 
atope  face.  A  parallel  drive  nearer  the  hanging-wall  is  used  for  scraping 
when  dips  are  flat  and  the  ore  will  not  run.  Other  sub-levela,  run  for 
convenience  in  mining  and  for  ventilation  purposes,  connect  the  mining 
raises  to  the  ladderways  at  intervals  of  from  60  to  90  ft.  on  the  dip. 

When  development  is  well  advanced,  and  after  ladderways  have  been 
equipped  and  grizzlies  installed,  stoping  operations  commence  with  the 
catting  of  the  conea  between  the  grizzly  level  and  the  cone  drive.  Thia  ia 
done  by  stoper  machines  shrinking  up  on  the  ground  and  retreating  from 
the  cone  raises.  As  soon  as  the  cones  are  complete,  a  square  face  acrora 
the  complete  60-ft.  strike  width  of  the  atope  is  established  and  carried  up 
dip  using  stopers  drilUng  ofF  the  broken  ground  which  has  to  be  drawn 
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dHJJj-  lo  take  catti  of  tho  awell  and  muckf^d  back  from  the  face  because  of 
the  Rat  dip.  As  most  bangmg-wall  rocks!  are  strong  and  ore  thicknesses 
art  nnt  over  26  ft.,  little  difficult^'  in  encountered  in  maintaining  a  salt 
mining  lace. 

AccesB  to  the  stope,  while  mining,  is  obtained  through  the  variime 
aub-Jevela  from  the  main  ladderway  raise,  and  a  ladder  is  also  maintained 
in  the  mining  raise  from  the  stope  face  to  the  sub-level  above. 

This  class  of  stope  normally  requires  one  Europi^an  miner,  wbo 
flupervines  a  gang  of  about  seventeen  Africans — ^five  machine  crews,  a 
boas  boy,  and  a  helper.  Production  varies  with  stope  widths  and  cea- 
ditions,  but  6.000  tons  per  month  is  a  fair  average. 

Good  veutilation  is  obtained  by  bringing  fresh  air  from  the  maio 
ladderway,  through  the  sub-level  in  use,  to  the  end  of  the  stope  wher*' 
it  can  sweep  the  whole  face,  blowing  air  into  the  mimi^  raise  whicli 
connects  directly  to  a  return  airway  at  the  top  of  the  stope. 

Svb-Level  Sloping  {Conventional) 

lUs  method  was  first  introduced  to  this  mining  distiiflt  at  the  Bmd 
Antelope  mine  in  1931  and  is  a  method  that  was  used  in  all  the  minve 
of  the  Copperbelt  and  is,  therefore,  described  here  as  conventional. 

The  main  haulage  level,  as  shown  in  Fig.  5,  is  run  in  the  foot-wall 
about  40  ft,  from  the  orebody.  Then,  40  ft.  in  elevation  above  the  main 
haulage,  two  drives  are  run,  one  in  ore  for  entrance  to  the  grizzly  cro«- 
cuts  and  one  in  foot-wall  waste  for  exhausting  blasting  fames.  GriulT 
firosB-outs  are  situated  at  75-tt.  intervals  along  the  strike,  correspondiiig 
to  the  chute  raises  from  the  main  haulage.  Next,  25  ft.  in  elevation  abovt 
the  grizzly  drives,  there  are  two  sub-levels,  one  run  over  the  centres  of 
the  cones,  or  drawpoints.  and  one  run  farther  back  in  the  hanging-wall. 
From  this  second  drive  cross-cuts  are  run  through  to  the  cone  drives  al 
the  centre  of  the  drawpoints  and  scrapers  are  set  up  here  when  the  dip  ii 
too  flat  for  the  ore  to  run  down  the  foot-wall  of  the  stope.  Above  the  cod? 
level  sub-level  drives  are  spaced  in  the  centre  of  the  ore  at  28-ft,  vertical 
intervals  for  convenience  in  mining.  Mining  raises  on  hanging-wall  and 
foot-wall  are  run  at  75-ft.  intervals  and  "man  way -service'  raises  are  ran 
at  455-ft.  intervals  from  one  main  haulage  level  to  the  next.  Aa  in  the 
semi-ehrunk  method  the  stope  dimensions  are  60  ft,  on  the  strike,  bj 
SOO  ft.  or  more  on  the  dip,  by  the  ore  thickness,  which  may  vary  from 
25  ft.  to  60  ft. 

A  15-ft.  pillar  is  left  between  slopes  and  so  arranged  that  the  pillars  in 
the  three  orebodias  are  superimposed  one  on  another.  The  best  sequence 
of  mining  found  by  experience  is  to  mine  the  lower  orebody  first,  then  the 
middle  orebody,  and  then  the  upper  orebody.  with  sandfilling  introdacul 
following  the  same  sequence. 

The  stope  is  opened  by  beUing  out  the  cone  from  the  grissly  level  to 
the  cone  drive,  using  stoper  machines.  As  soon  as  the  first  cone  is  com- 
pleted, a  slot  is  cut  at  the  end  of  the  stope,  removing  the  rook  between 
the  hanging-wall  and  foot-wall  mining  raises.  This  is  usually  done  br 
stoper  machines,  shrinking  upwards  on  the  broken  ground  from  the  oonr 
level  right  to  the  top  sub-level  of  the  stope.  This  operation  is  a  alow  ow 
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:and  the  tonnage  gained  from  shrink-swell  is  about  2,000  tons  per  month. 
After  shrinking  is  completed,  trails  are  run  to  the  hanging-wall  and 
foot-wall  on  the  various  sub-levels  and  benches  prepared  for  blasting. 
The  trailing  work  is  done  by  8^-in.  drifter  machines,  the  drilling  of  down 
holes  on  the  benches  by  8-in.  jackhammers,  and  the  up  holes  by  S^-in. 
stoper  machines.  The  average  depth  of  hole  drilled  in  stopes  is  about  8  ft. 
This  operation  of  benching  and  trailing  continues  towards  the  ladderway 
until  the  stope  face  reaches  the  15-ft.  pillar,  which  is  left  between  all 
sub-level  stopes. 

Each  stope  is  run  by  a  European  miner,  supervising  a  crew  of  thirteen 
Africans  running  five  rock  drills.  The  average  monthly  tonnage  obtained 
from  this  type  of  stope  is  about  6,000,  including  the  slotting  period. 

Ventilation  is  maintained,  as  in  the  semi-shrink  method,  by  introducing 
fresh  air,  obtained  from  the  ladderway  intake,  by  means  of  a  14-in. 
ventilation  pipe,  with  a  fan  blowing  on  to  the  stope  bench.  The  mining 
raises  are  connected  to  a  return  airway  in  the  crown  pillar  at  the  top  of 
the  stope,  where  the  vitiated  air  carries  on  through  the  return  air  raises 
to  the  main  exhaust  fans  and  is  not  used  again.  As  already  mentioned,  a 
grizzly  ventilation  drive,  run  below  the  foot-wall  of  the  stope,  is  used  to 
exhaust  secondary  blasting  fumes  and  this  opening  also  connects  with 
return  air  raises  and  the  exhaust  fans  and  is  the  return  airway  for  stopes 
coining  from  the  next  lower  haulage  level. 

SandfiUing  is  still  used  in  conjunction  with  sub-level  stoping  and,  in 
the  lower  orebody,  not  more  than  two  stopes  are  allowed  to  stand  open 
without  fill.  In  the  upper  and  middle  orebodies  not  more  than  four  stopes 
are  allowed  to  stand  open  without  fill.  Unless  this  practice  is  followed 
fairly  closely  stopes  cave  without  much  warning,  causing  air  blasts,  and 
also  tearing  into  adjacent  unmined  stopes,  causing  losses  in  extraction. 
The  cost  per  ton  of  sand  placed  as  fill  is  at  present  about  sixpence.  The 
sandfilUng  operation  has  been  well  described  by  A.  C.  Turton.* 

Sub-level  stoping  costs  per  ton,  excluding  development,  vary  from 
about  4s.  9d.  to  3s.  6d.,  according  to  the  amount  of  tonnage  mined,  the 
width  of  ore,  and  other  local  conditions. 

Extraction  from  this  class  of  mining  varies  from  60  to  80  per  cent, 
depending  on  ground  conditions. 

Sub-Level  Stoping  {Continuous  Retreat) 

This  system  of  mining  is  used  in  the  upper  orebody,  in  the  sections  over 
the  *Block  Caving'  areas,  where  it  is  desirable,  in  any  case,  to  have  the 
caving  initiated  and  where  sandfilling  would  be  more  of  a  hindrance  than 
a  help. 

In  this  method  there  is  a  series  of  three  open  sub-level  stopes  with  back 
lengths  of  about  85  ft.  between  main  haulage  levels.  These  stopes  retreat 
continuously  along  the  strike,  leaving  crown  pillars  of  about  30  ft.,  which 
are  blasted  out  in  sections  of  approximately  70  ft.  along  the  strike. 

To  start  the  caving  of  the  strong  hanging-wall  rocks  in  this  mining 
area  a  dip  slot  of  about  300  ft.  back  length  by  3  or  4  ft.  wide,  extending 

♦Sandfilling  at  Mufulira.  Bull.  Instn.  Min.  MetalL,  No.  478,  May,  1946. 
Trans.  Instn.  Min.  MetulL,  56,  1946-47,  79. 
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about  90  ft.  into  the  hanging- wall,  and  a  strike  slot  of  similar  dimensions, 
at  right  angles  to  the  dip,  and  also  in  the  hanging- wall,  are  cut.  It  is 
thought  that  the  strike  length  of  this  latter  slot  should  be  several  hundred 
feet,  but  this  point  has  not  yet  been  settled. 

Draw  from  the  stopes  is  through  foot-wall  openings  to  scraper  drifts 
located  below  each  crown  pillar,  where  the  ore  is  scraped  to  ore-passes 
spaced  at  200-ft.  intervals. 

The  rock-breaking  operation  carried  on  in  the  individual  sub-level  open 
stopes  is  exactly  the  same  as  that  for  conventional  sub-level  stoping. 

Pillar  drilling  is  done  by  high-speed  diamond  drills,  core- drilling  1-ft-in. 
diameter  (Ex)  holes  varying  in  depth  from  17  ft.  to  50  ft.  These  holes  are 
drilled  from  cross-cuts,  in  patterns  as  near  as  possible  parallel  to  the  strike, 
in  order  to  blast  the  rock  down  to  the  drawpoints  before  caving  waste  rock 
runs  in,  in  the  interests  of  better  extraction. 

The  anticipated  extraction  from  this  method  of  mining  is  about  85  per 
cent  and  it  is  expected  that  it  will  supplant  sub-level  stoping  (conven- 
tional) methods  in  the  other  separate  orebodies  after  more  experience  has 
been  gained.  Mining  costs  per  ton  for  this  class  of  work  are  expected  to  be 
less  than  those  obtained  in  other  sub-level  methods  because  the  slow 
and  costly  slotting  process  is  partly  eliminated. 

Ventilation  arrangements  for  continuous  retreat  are  similar  to  those 
for  the  conventional  sub-level  stoping. 

Block  Cavin(] 

This  method  of  mining  is  applied  to  the  middle  and  lower  orebodies 
(Figs.  2  and  3)  where  they  run  together  over  a  strike  length  of  about 
3,000  ft.  and  the  true  thickness  varies  from  100  ft.  to  120  ft.  Two  retreat 
faces  are  in  the  process  of  being  established,  one  in  the  west,  between  the 
660-ft.  level  and  the  1,400-ft.  level,  and  one  in  the  east,  between  the 
900-ft.  level  and  the  1,400-ft.  level.  Blocks  are  approximately  200  ft.  by 
200  ft.  in  plan,  and  the  sequence  of  mining  is  on  an  offset  checker  board 
pattern. 

An  ore-pass  and  ladderway  system  is  run  in  the  foot-wall  waste  rock 
from  one  main  haulage  level  to  the  next  at  200-ft.  intervals  along  the 
strike,  in  the  centre  of  each  block.  Scraper  levels  are  established  at  25-ft. 
intervals  vertically.  About  15-20  ft.  under  the  orebody  foot-wall  scram 
drives  are  run  along  the  strike.  Branch  ore-passes  connect  each  scram 
drive  to  the  main  ore-pass,  which  transfers  ore  to  the  main  haulage  level 
below.  On  either  side  of  the  ore-pass,  in  each  scram  drive,  four  drawpoint 
raises  are  cut  at  25-ft.  intervals  into  the  foot-wall  of  the  ore.  This  develop- 
ment scheme  thus  forms  a  25  ft.  by  25  ft.  horizontal  pattern  of  drawpoints, 
with  a  100-ft.  maximum  length  of  scrape  to  the  ore-pass,  which  is  bridged 
with  a  heavy  steel  24-in.  opening  grizzly,  carrying  a  80-  or  50-h.p.  double- 
drum  scraper  hoist. 

After  waste  development  is  completed  the  development  in  ore  is  carried 
out,  first  running  the  cone  or  undercutting  drives,  which  follow  the  foot- 
wall  contours,  connecting  up  drawpoint  raises.  Boundary- weakening  cross- 
cuts are  then  run  from  foot-wall  to  hanging-wall  at  the  strike  ends  of  the 
block.  Weakening  drives  are  also  run  along  the  down  dip  side  or  north 
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indary  of  the  block,  26  ft.  vertically  over  one  another.  More  recently 
t  ore  work  has  been  accomplished  by  entering  this  development  area 
n  the  upper  orebody  in  advance  of  any  waste  work  done  from  the  foot- 
I  side.  This  defines  the  block  limits  and  establishes  an  accurate  foot- 
1  before  drawpoints  are  laid  out.  Once  a  block  is  established  the 
elopmeot  continues  along  the  strike  at  a  rate  determined  by  the 
dnction  required  from  the  particular  face. 

nitial  blocks  require  extra  boundary  development  extending  into  the 
ite  between  the  mi<fdle  and  upper  orebodies.  A  dip  slot  is  cut  on  one 
3  extending  from  the  hanging-wall  of  the  middle  orebody  to  the  foot- 
I  of  the  upper  orebody,  and  a  strike  slot  is  cut  at  the  top  end  of  the 


FiQ.  9. — Block  caving — foot-wall  gathering  8yBt«m. 
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block  covering  the  same  vertical  distance.  This  work  ensuros  that  the  arch 
will  break  as  undercutting  progresses. 

Undercutting  is  started  at  the  top  comer  of  the  block,  working  down  dip 
and  retreating  along  the  atrike  from  the  cave  to  the  soUd  in  each  casw. 
Stoper  machineg  are  used  carrying  incUued  shrink  slopes  of  6  to  S  ft.  in 
width  from  one  cone  level  to  the  next,  forming  a  checker  board  pattern.  Af 
nndereutting  nears  completion  at  any  particalar  horizon  a  certain  amoiint 
of  additional  breaking  is  done  in  the  boundary  crosa-cuta  and  drives,  iiw 
hacks  being  ripped  down  for  10  ft.  and  the  'sohd'  corner  cut  through  from 
level  to  level. 

The  results  of  cantilever  action  breaking  up  the  block  can  be  observpd 
ae  the  undercut  prngreases.  Bedding  planes  tear  apart  and  joint  planr- 
open  up.  When  natural  caving  forces  come  into  action  the  apparentK 
massive  quartzites  break  up  with  much  conchoidal  fracturing,  the  cracks 
caused  by  undercutting  appearing  almost  vertically  above  the  working 
face  in  the  various  Bub-levels  as  the  mining  progresses  down  dip.  Hereto- 
fore, at  this  stage,  the  blasting  of  sprung  holes,  in  order  to  induce  the 
oave,  was  carried  out,  but  recent  observations  show  that  no  more  than 
undercutting  and  boundary  weakening  is  generally  required- 
After  the  completion  of  the  undercut  work,  a  slow  and  carefully -con  troHfd 
draw  is  started,  favouring  the  down  dip  or  solid  side  of  the  block  slighth. 
Drawing  at  this  stage  is  at  the  rate  of  about  3  in.  per  day  and  this  continues 
until  the  block  ia  about  30  per  cent  drawn.  The  rate  of  draw  is  then  stepped 
up  to  about  4  in.,  or  a  maximum  of  6  in.  per  day,  until  drawn  to  completion. 
The  differential  in  draw  allowed  between  adjacent  drawpoints  is  5  per 
cent,  between  adjacent  scram  drives  10  per  cent,  and  between  adjacent 
blocks  30  per  cent.  Control  of  the  draw  is  very  important  and  this  wort 
is  under  the  supervision  of  engineers  in  thf  Mine  Technical  Department. 
who  give  the  draw  orders  which  are  passed  on  to  the  operating  officials. 
Data  from  draw  reports  is  recorded  daily.  From  these  reports  profiles  ef 
the  various  sections  through  the  block  are  kept  up  to  date.  In  addition  U> 
this  measuring  of  the  ore  from  each  draw-point,  regular  grab  sampling  is 
done  and  geological  observations  made  to  see  that  the  ore  is  being  drawn 
properly.  When  a  block  is  noaring  completion,  low  assays  determine  when 
a  drawpoint  should  cease  to  be  drawn. 

Various  attempts  have  been  made  to  remove  the  human  factor  from 
draw  control  as  much  as  possible.  Draw  sheets  calling  for  a  variety  of 
Booopfuls  from  different  drawpoints  were  not  easy  to  check.  It  was  found 
better  to  call  for  certain  drawpoints  to  be  pulled  and  record  the  scoopfuls 
of  ore,  there  then  being  less  chance  of  paper-perfect  reports.  Adjustments 
to  draw  are  made  on  a  shift- to- shift  basis;  the  number  of  cars  filled  act? 
as  an  overall  check. 

Certain  blocks  were  prepared  with  short  raises  or  measuring  pockels 
between  the  drawpoint  and  the  scram  drive.  Each  measuring  pocket  has  a 
round-timber  grizzly  on  top  to  control  the  flow  of  rock.  The  pockets  were 
filled  on  one  sluft,  the  drawpoint  closed  off,  and  the  measured  rock  scraped 
on  the  following  shift.  That  these  measuring  pockets  were  not  the  success 
that  had  been  anticipated  is  attributed  to  the  very  variable  rock  column 
above  the  drawpoint.  Some  drawpoints  drawing,  for  example,  from  the 
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iter-orebody  rookB  would  ran  like  water  and  flood  the  scram  drive,  while 
thera  in  grajwacke  would  fill  the  meaauring  pocket  with  large  chunks, 
tecourse  had  then  to  be  made  to  scoop  counting.  Control  devices  might 
e  installed  at  the  lower  end  of  the  measuring  pockets,  hat  with  a  maxi- 
lom  of  7fOOO  Ions  to  be  drawn  from  a  drawpoint  there  is  a  limit  to 
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expenditure.  Draw  control  is  a  problera  atill  awaiting  a  satisfactory 
Bolution. 

A  series  of  experiments  on  caving  and  drawing  was  nm,  using  ■ 
glass-sided  inudel  to  a  scale  of  1  to  100.  The  rock  was  ornehed  to  tbp 
approximate  ficale  size  and  frittod  together  by  means  of  a  gypsum-basv 
cement.  The  experiments  with  simulated  sandfilled  etupes  above  the 
draw  area  were  particularly  useful.  Visual  inspection  of  the  progress  of 
these   experiments    was   of   much    value   in    iustmcting   the    operaling 


The  average  monthly  production  from  a  block  is  20,000  to  25,000  tons 
and  this  is  obtained  on  two  scraping  shifts.  A  scraper  crew  for  one  bloct 
consists  of  eight  Africans,  with  one  European  supervising  two  crews. 
Secondary  blasting  powder  oonstimption  is  at  the  rate  of  about  1  lb.  pet 
8  tons  of  ore. 

Block  caving  costs  per  ton  have  varied  widely  in  recent  years,  owing  lo 
the  fact  that  a  broken  reserve  was  being  prepared  and  that  various 
schemes  to  induce  caving  were  being  tried,  but  last  year's  (1948)  cost. 
excluding  development,  was  l-GSs.  per  ton.  It  is  expected  that  a  cost  of 
l-Ss.  per  ton  can  be  obtained. 

Tbrou;;h'uH  tln'  ili>vflo|in]i'iit  i>f  tb-  lilicl,  nwii)^'  method  close  eontaol 
was  ULainliLiiMi]  wiili  llii-  nijjiiix  M(ilyl"l(riinii  (.'n.,  iuid  exchange  visits 
between  engineers  of  the  two  properties  took  place.  Such  items  as 
mapping  of  caveability  and  the  study  of  rock -behaviour  by  means  of 
scale  tests  were  copied  directly,  if  with  some  modification,  from  Climas. 

The  Climax  engineers  deserve  full  credit  for  their  share  in  developing 
a  mining  method  that  appears  to  meet  the  case. 

TRANSPORT 

The  haulage  of  ore  on  the  various  main  levels  is  done  in  180-cu.  ft. 
Granby-type  cars,  in  trains  of  eight  cars  pulled  by  8-ton  General  Electric 
Co,  trolley  locos,  over  30-in.  gauge  track  on  60-lb./yd.  rails.  Most  of  thf 
waste  hauling  is  done  in  92-cu.  ft.  Granby  oars,  using  either  an  8-tan 
G.E.C.  trolley  loco  or  6-ton  Goodman  or  G.E.C.  battery  loco.  JJaiu 
haulage  development  work  is  serviced  by  a  battery  loco  or  a  trolley  locn 
with  a  gathering  reel.  Powder  cars,  drill-steel  cars,  and  heavy  material 
cars  are  all  constructed  on  the  Granby-type  chassis. 

All  locos  and  all  types  of  cars  can  be  run  directly  into  the  man  cage  of 
the  Selkirk  shaft  and  can  be  transferred  easily  from  level  to  level.  Eoiitiiii' 
maintenance  of  rolhng  stock  is  done  underground,  at  the  various  car 
repair  shops,  but  any  major  overhaul  is  done  in  the  surface  shops. 

At  present  the  bulk  of  the  ore  trammed  is  gathered  from  stope  chute* 
in  the  various  foot-wall  haulages  on  the  900-ft.  and  1,150-ft.  levels  and 
hauled  to  a  main  ore-pass  system  at  the  Selkirk  shaft,  where  the  on- 
gravitates  to  the  1,200-ft.  level  crusher  station.  After  crushing,  the  ore  is 
hoisted  to  surface  from  the  l,S50-ft.  level  loading  pocket. 

A  small  amount  of  stope  ore  is  trammed  on  the  660-ft.  level  along  a 
foot-wall  haulage  to  an  auxiliary  ore-pass  and  then  re-trammed  on  the 
900-ft.  level.  Some  development  ore  is  trammed  on  the  1,400-ft.  level  and 
hauled  to  the  main  ore-pass  at  Selkirk  shaft,  where  the  ore  gravitates  to 
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tie  1,850-tt.  loading  pocket  and  is  thtin  hoisted  to  surface. 

FivB  trains  are  employed  on  eacli  of  the  two  hauling  levels  deeoribt-d, 
working  on  throe  shifts  for  six  days  a  week. 

6tope  chutes  are  constructed  of  steel  and  are  of  the  undercut  arc 
gate  type  operated  by  an  air  cylinder,  and  have  a  gravity  spillage  door 
fitted  above  the  air-operated  door. 

The  average  tonnage  of  ore  being  trammed  at  present  is  about  260,000 
tons  per  month  and,  including  waste,  the  total  amount  hauled  is  290,000 
tons  per  month.  The  cost  per  ton  uf  ore  and  waste  trammed  is  about 
0-68B. 

Waste  hauling  is  doue  on  all  levels  below  900  ft.  and  tipped  into 
waste  passes  at  No.  6  shaft. 

UNDEBGROUND  CBUSHINO 

All  ore  trammed  from  stopes  is  passed  through  a  56-iD.  by  li-ia. 
jaw  crusher  (Birdsboro  Buchanan)  on  the  !,200-ft.  level  and  is  reduced 
to  minus  12  in,  before  being  dropped  into  a  1,600-ton  storage  pocket  for 
hoisting.  Control  of  ore  feeding  to  the  crusher  is  by  means  of  large 
air-operated  overcut  claw-type  lingers,  which  replaced  the  original  Boss 
feeders,  hut  it  is  now  considered  that  the  best  type  of  feed  control  for 
Kufulira  ore  is  a  pan  feeder,  which  will  be  used  in  future  installations. 

Ore  trains  tip  directly  into  an  open  hole  on  the  1,160-ft.  main  haulage, 
where  no  grizzly  is  required  because  of  the  large  crusher.  A  considerable 
amount  of  secondary  blasting  has  been  eliminated  by  the  underground 
crusher.  The  most  notable  savings  obtained  by  the  use  of  the  underground 
crusher  ar"  found  in  the  maintenance  of  the  shaft-loading  pocket  and  in 
the  i'vi'ii  iiDil  irguiar  luiuliiii;  of  ^kips --very  in'ci'ssary  fur  fast  hoisting 
in  the  shaft. 

The  ventilation  of  this  crusher  station  is  maintained  in  good  order  by 
means  of  a  40-in.  20-h.p.  axial-flow  type  fan  delivering  30.000  cu.  ft. 
per  min.  at  2-25-itt.  s.w.g.  into  flannel  bags  on  the  1,150-ft.  level.  The  dust 
produced  is  collected  at  the  throat  of  the  crusher  and  exhausted  up  a 
raise  to  the  filtration  unit;  the  whole  station  is  under  positive  pressure, 
Iresh  air  coming  directly  from  the  Selkirk  shaft. 

The  crushing  cost  per  ton  of  ore  hoisted,  baaed  on  present  production 
rates,  is  about  0-08s, 

HOISTING 

At  the  Selkirk  shaft  two  hoists  are  in  use,  one  hoisting  ore  in  balanced 
skips  and  the  other  operating  the  man  cage,  balanced  by  a  counterweight. 
Both  hoists  are  products  of  Messrs.  lletropolitan  Vickers  and  Vickers 
Armstrong,  Ltd. 

The  ore  Iwist  has  two  1,600-h.p.  D.C,  motors,  with  Ward-Leonard 
control,  and  the  maximum  rope  speed  is  2,500  f.p.m.  This  hoist  is  semi- 
automatic, with  push-button  control  at  the  loading  pockets.  With  tht' 
present  skip  factor  varying  between  10  and  11  dry  tons  of  ore,  the  peat 
capacity  of  the  shaft  hoisting  from  the  1,350-ft.  level  loading  pocket  is 
about  600  tons  per  hour.  The  present  hoisting  rate  is  10,000  tons  per  day 
and  it  is  planned  to  increase  this  to  11,000  tons  per  day,  or  285,000  torts 
per  month. 
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The  man  hoisi  is  fitted  with  one  1,600-h.p.  D.C.  motor,  with  Ward- 
Leonard  control,  and  has  a  maximum  rope  speed  of  1,800  f.p.m.  The  cage 
used  at  present  has  two  decks  and  carries  186  persons,  but  it  is  planned  to 
install  a  new  four-deck  cage  of  lighter  construction  and  an  additional 
motor  to  take  double  the  load.  This  will  be  necessary  when  all  men  and 
material  are  lowered  to  the  1,660-ft.  level,  where  they  will  have  to 
transfer  to  the  future  sub-inclined  shafts  to  reach  the  future  lower 
working  levels. 

No.  5  shaft  is  equipped  with  a  smaller  hoist,  using  a  850-h.p.  A.C. 
motor,  hauling  skips  of  three-ton  load  in  balance  at  a  maximum  speed  of 
800  f.p.m.  At  present  waste  only  is  hoisted  in  this  shaft  from  the  various 
levels,  and  the  total  tonnage  per  month  is  about  25,000  to  80,000  tons. 
This  waste  is  hoisted  from  pockets  below  the  1,150-ft.,  1,400-ft.,  and 
1,650-ft.  levels  and  tipped  in  a  750-ton  bin  on  surface,  where  a  six-ton 
battery  loco  and  three  (Hudson)  80-cu.  ft.  side-tip  cars  haul  the  waste 
to  a  dump  adjacent  to  the  caved  areas. 

No.  5  shaft  is  to  be  completely  re-equipped,  in  order  to  have  assurance 
of  hoisting  capacity  while  on  peak  production.  This  shaft  has  compart- 
ments large  enough  to  accommodate  the  same  size  of  skips  as  the  Selkirk 
shaft  and  will  be  used  for  both  ore  and  waste  hoisting. 

The  hoisting  cost,  which  includes  maintaining  and  running  both  No.  5 
and  Selkirk  shafts  is,  on  present  production  rates,  about  0*50s.  per  short 
ton  of  ore. 

DRAINAGE 

As  has  already  been  mentioned  drainage  must  precede  mining.  Because 
of  the  amount  of  water  involved  and  the  difficulty  in  assessing  results  with 
any  degree  of  accuracy,  drainage  presents  the  greatest  single  problem  in 
the  mine.  While  water  may  be  found  in  any  of  the  rocks,  the  three  main 
waterbearing  horizons  are  : 

(1)  The  *Lower  or  Inter-Orebody  Dolomite,'  about  15  ft.  thick,  which 
forms  the  hanging-wall  of  the  middle  orebody; 

(2)  The  'Intermediate  Dolomite,'  about  140  ft.  thick  and  200  ft.  above 
the  hanging-wall  of  the  upper  orebody.  The  actual  'dolomite'  is  about 
60  ft.  thick,  the  remainder  being  calcareous  sandstones  and  shales. 

(8)  The  'Upper  Dolomite,'  upwards  of  2,000  ft.  thick  and  about  250  ft. 
above  the  Intermediate  Dolomite.  It  consists  of  dolomites,  shales,  sand- 
stones and  quart zites,  and  is  known  to  be  weathered  to  great  depths. 

The  Lower  Dolomite  is  weathered  to  a  depth  of  from  600  ft.  to  900  ft. 
from  surface  and  in  that  area  is  replaced  by  an  iron  and  manganese  wad. 
Drainage  of  this  horizon  interfered  considerably  with  early  mining.  It 
was,  however,  found  possible  to  drain  it  effectively  by  means  of  NX 
(2-}|  in.  dia.)  diamond-drill  bleeder  holes,  which  developed  flows  of  from 
500  to  1,000  g.p.m. 

Drainage  of  the  talcose  Intermediate  Dolomite  by  diamond  drill-holes, 
was  not  effective.  Various  sizes  of  holes  up  to  7  in.  in  diameter  were 
used,  but  it  was  found  that,  despite  high  pressures  and  good  flows  being 
struck,  it  was  not  possible  to  keep  the  holes  from  choking.  Kecourse 
was  had  to  cross-cutting  into  the  water-bearing  horizon,  water-tight 
doors  being  installed  and  spiling  adopted  where  necessary.    All  cross-cuts 
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are  piloted  by  diamond  drill-holes,  careful  logs  being  kept  of  cores,  and 
particularly  of  core  losses,  which  generally  indicate  soft  horiions.  The 
work  is  necessarily  slow,  but  has  been  rewarded  by  flows  of  as  madi  u 
8,000  g.p.m.  Many  different  methods  were  tried  in  traversing  wet  and 
broken  ground,  including  cementation  and  the  use  of  a  steel  diield,  bat 
timber  spiling  was  found  to  be  the  best. 

The  wtxter-tight  doors  are  of  local  design,  are  made  of  mechanite  and 
are  of  domed  construction  and  ribbed.  These  doors  are  designed  to  stand  t 
:dtatic  head  from  surface  according  to  their  elevation  underground.  The 
door  installation  is  in  a  by-pass  tunnel,  the  main  cross-cut  being  provided 
with  a  concrete  plug  and  three  8-in.  or  12-in.  valves,  air  and  water  lineB, 
and  electric  cables.  The  door  is  at  a  higher  elevation  than  the  plug.  These 
arrangements  are  made  so  that,  in  case  of  a  flood,  there  will  be  less  likeli- 
hood of  the  door  becoming  jammed  \('ith  floating  timber  or  sand. 

All  cross-cuts  into  the  Litermediate  Dolomite  have  given  good  floirs 
of  water.  When  this  happens  the  door  is  closed  and  the  water  piped 
•directly  to  a  pump  station.  When  the  flow  drops  the  cross-cut  is  some- 
times reopened  and  advanced  to  the  next  water  horizon. 

Pressures  on  water-tight  doors  and,  when  possible,  flows  of  water,  are 
recorded  weekly.  While  a  cross-cut  is  being  run  a  daily  check  is  made  on 
the  water  passing  over  a  V-notch  weir. 

Only  one  cross-cut  (at  the  860-ft.  level)  has,  as  yet,  reached  the  Upper 
Doloniite.  A  considerable  amount  of  drainage  must,  however,  have  taken 
place  through  fissures  and  cracks  between  the  various  water-beariog 
horisons.  Subsidence  of  the  surface,  not  connected  with  mining,  hss 
taken  place  over  wide  areas  and  this  must  be  due  to  drainage  only. 

On  surface,  a  network  of  chum-drill  hoKs  prt>vides  a  partial  correlation 
bt>tween  undtTgn.>und  water  pressures  and  surface  water  levels  and  also 
helps  to  measure  the  progress  of  the  drainage.  The  final  test,  however,  is 
whether  or  not  caving  on  a  new  level  brings  in  more  water. 

Betwivn  19BS  and  194S  it  is  estimated  that  nearly  71  lillion  Imperial 
gallons  of  water  were  pumped,  or  18*6  tons  of  water  for  evt* ry  ton  of  ore 
hoisttni.  The  highest  n^v^rded  pumping  rate,  over  a  vtar,  was  21.3S5.O00 
gal.  per  dav.  The  present  rate  is  around  •20.000.000  gal.  per  day  from  sn 
average  depth  of  1.100  ft. 

There  are  three  pumping  stations  on  thf  VHXMt.  and  930-fi.  levels  and 
two  on  the  1.400-ft.  level,  which  r^^lay  water  to  the  900-ft.  level.  Tltf 
pumps  are  moved  an^und  as  conditions  dictate.  A  ntrw  high-lift  station,  of 
12.000-g.p.m,  capacity,  is  now  undt-r  cv'iist ruction  on  the  1.400-ft.  level 
As  far  as  possible,  all  water  is  pipt-d  to  the  stations,  thus  t-nsuring  an 
ample  supply  of  clean  watt-r  for  industrial  and  donirstic  purpi.«s«^  and. 
at  the  Si\iue  time,  reducing  the  proVItui  of  de-sluiguig  such  large  quan- 
tities v^f  watt-r.  All  pumps,  wuh  thr  t  Xvvpt:  'U  of  sludge  pump^.  are  of  the 
ivntrifugal  type,  in  units  of  l.lMX>.  l.HKK  and  2.CW  g.pau. 

l>rainage  c^-sts.  including  the  development  of  drainage  cn.>ss-if  ms,  water- 
tight  doors,  and  pumping,  are  about  l-4^t5.  per  ton  of  onr  iK'tsted. 

\'i:NTlLATIOX 
A    main    cxhaus;    ventilation    system,    with    auxuiary    blowing,  is 
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employed.  Air  enters  the  mine  through  No.  9  downcast  shaft  (22  ft.  in. 
diameter,  smoothlined)  extending  to  the  lowest  level  at  1,650  ft.  The  air 
is  spht  off  on  the  active  main  cross-cuts  and  travels  along  the  main 
haulages  to  the  various  ladderways;  it  is  then  blown  by  auxiliary  fans 
into  the  working  places — such  as  development  headings,  stope  benches, 
and  undercuts.  Scraper  drives,  grizzly  chambers,  and  other  places  where 
secondary  blasting  is  done,  are  all  provided  with  direct  connections  to 
the  return  airways.  As  far  as  possible,  the  air  is  used  once  and  then 
exhausted  to  the  returns. 

The  return  airways  form  a  network  of  permanent  openings  in  the 
foot-wall,  which  connect  to  disused  haulages  and  main  cross-cuts  on  the 
upper  levels  and  thence  to  the  main  upcast  shaft,  No.  8,  which  is  also 
22  ft.  in  diameter  and  smooth-lined.  The  main  fans  on  No.  8  shaft  are  of 
the  axial-flow  type  and  handle,  at  present,  500,000  c.f.m.  at  3-in.  water 
gauge.  Other  fans  on  surface  bring  the  total  air  exhausted  from  the  mine 
to  750,000  c.f.m. 

All  main  tipping  points,  shaft-loading  pockets,  and  the  crusher  station 
are  equipped  with  flannel  bag  filtration  units.  Coke  filters  are  used  only 
when  the  air  to  be  filtered  may  contain  dense  blasting  fumes. 

All  rockdrills  are  of  the  approved  front-head  vented  type. 

The  overlap,  blowing,  and  exhaust  system  is  used  on  all  main  haulage 
<ievelopment  and  other  big  excavations — such  as  pump  stations.  Blow^ing 
only  is  used  on  sub-level  development. 

The  fans  used  for  auxiliary  ventilation  are  air-driven  units  for  the 
smallest  sizes  and  electrically-driven  units  for  sizes  of  about  6,000  c.f.m. 
at  4-in.  water  gauge  or  over.  In  the  interests  of  maintenance,  a  heavy  item 
where  many  small  units  are  employed,  the  preference  is  for  the  centrifugal 
type  of  fan  running  at  about  1,460  r.p.m.  The  pipes  used  for  distributing 
the  air  from  the  fans  are  22  in.  and  14  in.  in  diameter.  Lids  are  provided  for 
covering  the  ends  of  pipes  when  a  heading  is  idle.  Kubber  sleeves  are 
used  at  pipe  joints  to  minimize  leaks. 

The  Devers  konimeter  is  used  for  dust  counting  and  the  ignition- 
immersion-ignition  technique  is  employed.  A  staff  of  seven,  including 
a  microscopist,  is  required  for  ventilation  work. 

During  1948,  some  9,514  ft.  of  development  work  and  220  ft.  of  shaft 
linking  was  done  for  ventilation  purposes. 

ORGANIZATION   AND   LABOUR 

The  Mining  Department  organization  consists  of  a  mine  superinten- 
dent, with  an  underground  manager  and  a  mine  engineer  as  sub-heads  of 
the  Department.  Roughly,  the  responsibiUty  is  divided  so  that  the 
underground  manager  controls  all  rock  breaking,  handling,  and  hoisting 
operations,  the  safety  department,  and  so  on,  while  the  mine  engineer 
-deals  with  technical  matters — planning  and  laying  out  of  new  work, 
draw  control,  ventilation,  geology,  surveying,  sampling,  and  diamond 
drilling.  Close  liaison  is  maintained  between  the  operating  and  technical 
sides  and  to  this  end  meetings  are  arranged,  as  thought  necessary,  for 
discussion  on  new  projects,  current  operations,  safety,  drainage,  and 
other  vital  subjects. 
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Tlie  undergTouud  manager  gives  his  orders  to  the  mine  captains  and 
these,  in  turn,  to  thu  shift  bosses  and  European  'gangers',  who  are,  in 
«ffeet,  siipervJEors  of  gangs  of  from  five  to  fifty  Africann.  The  total 
strength  is  approximatelv  as  follows:  European  staff,  1S2;  European 
•daily  paid',  840,  and  Africans,  3,850— a  total  of  4,322. 

The  production  rate  is,  at  present,  around  260,000  tons  of  ore  per 
month,  with  30,000  tons  of  waste,  and  13,000  ft.  of  development  carried 
out. 

The  daily-paid  Europeans  have  a  union,  run  on  the  closed-shop  prin- 
ciple, white  the  staff  have  an  association. 

Africans  are  recruited  locally  and  are  housed,  with  their  families,  io 
well-built  compounds.  The  wearing  of  safety  hats  aod  other  safety 
equipmentr^such  as  shin  guards  and  hand  pads — is  compulsory.  ThflM 
items  are  supplied  free  by  the  company  and  boots  are  supplied  at  leu 
than  cost  price. 

Id  the  Safety  Division  instruction  is  given  to  new  European  staff  in  the 
use  of  explosives  and  in  safety  practices,  but  the  main  effort  is  directed 
towards  the  instruction  of  the  African  and,  particularly,  the  'boss  boy.' 
These  boss  boys  have  considerable  responsibility,  holding  blasting  licences 
and  first  aid  certificates  as  well  as  having  to  possess  a  good  knowledge  of 
mining  practice  generally.  Selection  of  suitable  types  for  training  as  boss 
boys  is  a  matter  of  some  care. 

First  aid  stations,  manned  by  Africans,  are  maintained  at  strategic 
points  throughout  the  mine  and  these  Africans,  along  with  the  others,  are 
given  regular  refresher  courses  on  their  duties. 

Two  Proto  rescue  teams  are  kept  in  training,  with  quarterly  courses  b1 
the  Central  Bescue  Station  for  the  Copperbelt,  monthly  local  practices, 
and  weekly  rescue-set  tests. 

MINTNG   COSTS 

For  the  financial  years  194G-47  and  1947-48,  the  cost  per  short  ton  of 
ore  crushed  to  minus  12  in.  and  delivered  to  the  mill,  has  been  12-50s.  This 
figure  is  almost  double  that  obtained  in  1940. 

Fuel  shortages  have  led  to  low  production,  and  wood  burning,  to  supple- 
ment coal,  has  led  to  high  power  costs.  With  the  high  and,  to  a  large 
extent,  fixed  charges  for  such  items  as  pumping,  low  production  leads  to 
high  costs.  During  the  period  mentioned,  much  preparation  work  was  done 
for  block  caving. 

The  operating  cost  per  effective  African  shift  has  doubled  in  ten  years 
and  is  now  around  4-8s.  per  ton. 

In  November  and  December,  1948,  with  an  average  production  rate  of 
258,574  short  tons  of  ore  per  month,  representing  6,200  long  tons  of  bhster 
copper  from  the  smelter,  the  mining  cost  per  short  ton  was  9-59s.  The 
tonnage  from  block  caving  had  not  then  reached  its  maximum,  nor  had  the 
continuous  retreat  sloping  progressed  to  the  stage  of  routine  mining.  The 
figure  of  9-59s.  per  ton,  however,  does  give  a  clearer  idea  of  present-day 
mining  costs  at  a  reasonable  production  rate  than  do  the  costs  for  the  past 
two  financial  years. 
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TABLE    I 

ANALYSIS   OF   COSTS 

November  and 
Year  1947/48  December  1948 

(Average:  175,269  short       (Average:  258,674  short 
tons  per  month)  tons  per  month) 

Skill,  ITon    %  of  total  Shia.jTon    %  of  total 

European  wages  and  saleiries 3*22  25*7  2*62  27-3 

African  wages 2-36  18-8  1-83  191 

General  supplies 2-51  20-0  209  21-8 

Explosives 1-65  131  1-30  13-5 

Power  (including  compressed  air)      2*19  17'5  1*18  12*3 

Workshops  and  miscellaneous...      0*62  4-9  0*57  6-0 

12-55S.  100%  9-59S.  100% 

*  CONCLUSION 

There  is  not  space  within  the  hmits  of  the  present  paper  to  describe 
many  of  the  processes  in  detail.  There  are  still  many  problems  awaiting 
solution  and  opportunities  for  cost  reduction.  As  labour  becomes  scarcer 
and  more  expensive,  more  mechanization  will  be  required,  always 
remembering  that  the  African  must  operate  the  machine,  which  should, 
therefore,  be  robust  and  simple. 

The  use  of  conveyor  belts  will  replace  tramming  to  a  considerable  extent 
on  this  mine  in  the  near  future. 

The  crushing  of  all  ore  underground,  by  gyratory  as  well  as  the  existing 
jaw  crushers,  to  minus  4-in.  size,  will  be  adopted. 

Tungsten  carbide  rockdrill  bits,  already  applied  experimentally,  will 
probably  play  a  large  part  in  future  rockdrilling. 

Diamond  blast-hole  drilling  at  Mufulira  has  lagged  behind  the  other 
mines  of  the  Copperbelt,  principally  because  of  the  hardness  of  the  ore 
rocks.  Tungsten  carbide  matrices  for  diamond  crowns  may  provide  the 
answer  and  research  on  these  lines  is  taking  place. 

There  is  a  healthy  rivalry  in  technical  matters  between  all  the  mines, 
and  it  is  seldom  long  before  a  good  idea  developed  at  one  property  is  being 
tried  out  at  the  others. 
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The  Use  of  the  Wet  Kata  Theni;ioineter  on  the 
Witwatersrand 

P.  H.  KITTO 


Report  of  discussion  at  October ,  1949,  General  Meeting  (Chairman:  Mr* 
W.  A,  C.  Newman,  President).  Paper  published  in  Bulletin  614,  September ^ 
1949. 

The  president  said  that  there  were  two  papers  before  the  meeting, 
one  by  Mr.  Kitto  on  The  use  of  the  wet  kata  thermonieter  on  the  Witwaters- 
rand,  which  he  w^ould  take  first,  and  the  second  on  Investigations  on  the 
production  of  electrolytic  cobalt  from  a  copper-cobalt  flotation  concentrate,  by 
Mr.  H.  L.  Talbot  and  Mr.  H.  N.  Hepker. 

The  question  of  ventilation  and  dust  in  mines,  especially  those  reaching 
to  deep  levels,  was  one  which  was  extremely  important  and  in  which  the 
Institution  was  becoming  increasingly  interested.  At  the  Empire  Congress 
that  summer  there  was  a  session  at  which  the  interest  on  those  matters 
was  very  great  and  it  was  hoped  that  further  steps  to  consider  and 
elucidate  the  serious  problems  arising  would  be  stimulated. 

Unfortunately  the  authors  of  the  papers  were  unable  to  be  present,  but, 
in  the  case  of  Mr.  Kitto 's  paper,  one  of  his  colleagues  from  the  Transvaal 
Chamber  of  Mines,  Mr.  D.  G.  Beadle,  would  introduce  it  on  his  behalf. 


Mr.  d.  g.  beadle  said  that  he  felt  particularly  honoured  to  be  asked 
to  attend  the  meeting.  The  members  of  his  Department  had  in  the  past 
presented  papers  to  the  Institution  and  taken  part  in  discussions,  but  he 
thought  he  was  correct  in  saying  that  the  present  occasion  was  the  first 
time  that  any  member  of  their  staff  had  actually  been  present  when  a 
paper  by  one  of  their  colleagues  had  been  presented.  He  hoped  that  in 
future  it  would  occur  that  when  one  of  the  Chamber  of  Mines  staff 
presented  a  paper  he  would  be  able  to  introduce  it  himself. 

He  confessed  that  the  subject  of  heat  was  not  his  own  speciality;  he 
knew  very  little  about  it,  but  he  had  seen  Mr.  Kitto  working  with  his  kata 
thermometers  and  had  seen  some  of  his  experiments.  He  could  only  give 
very  general  impressions  of  the  use  to  which  the  kata  thermometer  was 
being  put  in  the  gold  mines  of  the  Witwatersrand.  It  was  still  regarded  as 
a  useful  and  important  instrument  and  seemed  to  be  becoming  more  so, 
because  of  the  increasingly  high  temperatures  and  humidities  under  which 
mining  was  carried  out  to-day.  In  many  parts  of  the  world  the  kata  seemed 
to  have  fallen  from  grace;  it  had  been  attacked  by  various  people  and 
there  were  all  sorts  of  reasons  put  forward  for  not  using  it.  In  his  paper 
Mr.  Kitto  had  attempted  to  show  that  some  at  any  rate  of  those 
criticisms  were  not  justified  and  had  described  how  he  had  removed 
some  of  the  objections. 

It  was  sometimes  found  that  when  two  wet  kata  thermometers  were 
used  side  by  side  in  a  working  place  of  a  mine  they  would  give  quite 
different  results,  or  the  ventilation  officer  would  take  a  reading  and  report 
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oertaiD  couditious  and  theu  aamebodj'  edstt  would  take  a  reading  and 
report  quite  differently.  To  clear  up  some  of  those  anomalies  Mr.  Kitto'f 
first  step  was  to  standardize  the  iiistniments,  and  he  had  described  some 
ol  that  work  in  his  paper.  The  speaker  thought  that  the  most  important 
single  factor  was  the  introduction  of  a  standard  sleeve  for  the  kata.  It  waa 
found  that  the  makers,  particulariv  during  and  immediately  after  the  war, 
were  supplying  all  kinds  of  different  material  for  covering  the  thermometer 
and  that  resulted  in  quite  different  results  being  obtained,  so  that  the  first 
thing  which  Mr.  Kitto  did  was  to  introduce  a  standard  sleeve,  which  was 
thiimer  than  the  one  usually  used.  He  thought  it  might  be  of  interest  to 
people  in  Britain  to  have  a  supply  of  those  sleeveR  and  he  would  lesre 
some  with  the  Secretary. 

Mr.  Kitto  also  described  a  method  of  calibrating  wet  kata  thermo- 
meters. It  was  understood  that  the  manufacturers  in  Britain  calibrated 
the  thermometers  for  use  as  a  dry  thermometer  and  it  was  fonnd  that  that 
calibration  was  often  incorrect  when  it  was  used  as  a  wet  kata  thermo- 
meter. It  waa  also  calibrated  by  the  manufacturers  for  a  still  atmosphere 
and  as  it  was  usually  used  in  South  Africa  in  moving  air  that  also  made 
a  difference.  All  kata  thermometers  in  use  in  Witwatersrand  gold  mines 
were  sent  to  the  Transvaal  Chamber  of  Mines  for  re-checking:  sometimes 
they  were  correct  and  sometimes  a  new  factor  had  to  be  determined. 

Those  two  standardization  techniques  had  resulted  in  a  great  improve- 
ment in  comparisons  between  different  thermometers,  and  by  laying 
down  rather  precise  rules  as  to  how  the  thermometers  were  to  be  used — 
'  e.g.  how  they  were  to  bo  heated  up,  and  other  details  of  their  use — there 
had  been  a  great  improvement  in  the  consistency  of  the  actual  results 
obtained  on  the  mini's. 

The  merits  of  the  kata  would  he  argued  again  as  a  result  of  the  paper; 
there  were  many  objections  to  it,  but,  in  spite  of  them,  it  had  remained 
the  standard  instrument  on  the  Witwatersrand  for  assessing  comfort 
conditions  and  determining  whether  places  were  suitable  for  men  to  work 
in  or  not.  It  had  been  kept  in  that  position  because  they  had  not  yet 
satisfied  themselves  that  any  other  method  of  measuring  comfort  was 
really  better.  Certainly  no  single  instrument  had  been  found  to  replace  it. 
To  use  the  'corrected  effective  temperature  scale'  a  man  needed  to  take 
extra  measuring  instruments  with  him  and  any  such  procedure  was  not 
popular.  The  wet  kata  did  indicate  when  working  places  were  bad  and 
the  rather  drastic  reading  of  4  was  used  as  the  unofficial  limit  of  tolerance 
for  active  work.  Observers  in  South  Africa  did  not  hke  such  readings  and 
tried  to  get  a  higher  figure  if  they  could,  but  if  readings  of  less  than  4  were 
obtained  tlien  something  was  invariably  done  to  improve  conditions. 
Men  ought  to  be  acclimatized  before  being  sent  to  some  working  places 
and  tlie  kata  was  being  used  to  determine  whether  a  man  should  go 
straight  to  a  working  place  or  whether  he  should  be  acclimatized  first. 

The  actual  physical  interpretation  of  kata  readings  had  not  worried 
them  very  much;  they  were  aware  that  two  quite  different  sets  of  physical 
conditions  of  temperature,  humidity  and  aii  yelocity  could  both  give  wet 
kata  readings  of,  say,  6,  but  were  also  aware  that  the  two  conditions 
might  be  quite  different  from  the  comfort  point  of  view.  It  was  on  such 
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rounds  that  the  use  of  the  instrument  could  probably  be  criticized. 

He  was  not  sure  what  lines  future  work  might  take.  His  own  feeling 
ras  that  there  was  a  very  great  need  for  experiments  on  the  actual 
working  performance  of  Bantu  underground  labourers  under  carefully 
aeasored  physical  conditions,  to  determine  how  much  their  efficiency 
ell  off  as  such  conditions  got  worse.  At  present  there  was  no  real  informa- 
ion  as  to  how  working  efficiency  changed  if  the  wet-bulb  temperature 
rent  up  from,  say,  86**  F.  to  90®  F.,  or  air  velocity  went  down  from, 
ay,  200  f.p.m.  to  50  f.p.m. ;  and,  in  such  cases,  what  percentage  of  the 
rork  of  which  men  were  capable  was  lost.  The  South  African  Council  for 
Icientific  and  Industrial  Eesearch  had  recently  appointed  a  physiologist, 
?ho  was  to  study  the  effect  of  environment  on  men's  ability  to  work,  and 
le  hoped  that  as  one  of  his  items  of  research  he  would  tackle  the  question 
4.  underground  Bantu  labourers.  It  was  only  after  such  precise  measure- 
Dents  had  been  made  that  it  would  be  possible  to  predict  how  far  it  was 
rorth  while  incurring  the  expense  of,  for  example,  installing  an  air 
onditioning  plant. 

Mb.  8.  E.  TAYLOR  Said  that  the  importance  of  the  effects  of  high  tem- 
)eratures  on  underground  workers  was  brought  into  prominence  at  the 
6cent  Empire  Mining  and  Metallurgical  Congress  at  Oxford  and  it  was 
kppropriate  that  the  kata  thermometer  should  be  the  subject  of  the  first 
mper  of  the  new  session,  because  it  kept  that  important  subject  to  the 
ore.  The  paper  dealt  with  the  measurement  of  the  cooling  power  of  the 
kir.  The  satisfactory  and  reliable  measurement  of  the  factors  affecting  the 
)roblems  of  heat  was  essential  to  a  study  of  the  problem,  and  it  was 
equally  essential  when  it  came  to  judging  the  effect  of  practical  methods 
irhich  might  be  taken  to  ensure  satisfactory  conditions. 

The  author  said  that  a  wet  kata  reading  gave  a  very  good  idea  of  the 
atmospheric  conditions  and  indicated  whether  acclimatization  was 
lecessary;  also  that  it  could  be  used  to  compare  the  cooling  powers  of 
lifferent  air  conditions  on  a  man.  There  was  in  the  paper,  however,  a  very 
rank  acknowledgement  of  the  discrepancies  encountered,  as  well  as  of  the 
imitations  of  the  instrument  and  the  unsatisfactory  results  obtained  from 
lome  accepted  formulae.  Indeed,  the  experiments  described  in  the  paper 
»rere  undertaken  with  the  object  of  trying  to  improve  matters.  The  paper 
uther  gave  the  impression  that  the  procedure  for  taking  a  wet  kata  reading 
was  complicated  and  that  the  results  were  unreliable  unless  very  great 
jare  were  taken.  That  impression  did  not  quite  seem  to  the  speaker  to  do 
ustice  to  an  instrument  which,  as  they  had  just  heard,  was  widely  used 
m  the  mines  in  the  Witwatersrand  for  obtaining  routine  measurements 
>f  conditions  underground.  It  was  refreshing  to  find  systematic  research 
>eing  apphed  to  such  a  well-accepted  instrument  in  order  to  try  to  improve 
he  results  obtained  by  its  use. 

Although  he  had  nothing  whatever  against  the  kata  thermometer,  he 
lad  not  been  converted  to  its  use,  and  still  preferred  the  less  direct  method 
4  determining  atmospheric  conditions  by  measurement  of  wet-bulb  and 
Iry-bulb  temperature  and  velocity.  From  those  readings  the  humidity 
tould  be  calculated;  it  was,  however,  the  wet-bulb  temperature  which 
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WHS  the  most  important. 

It  waR  intereettng  to  notice  that  the  author,  when  referring  on  p.  2! 
to  the  couditionB  likeJ;  to  he  trmiid  underground,  mentioned  a  wet-balb 
temperature  of  about  85°  F.  and  a  relative  humidity  of  95  pei  cent. 
Doubtless  that  terminology  was  for  the  benefit  of  those  whfi  were  not 
counted  in  the  wet-kata  flouk. 

The  author  made  an  interesting  reference  on  p.  33  to  hot  and  dry 
oonditions.  He  pointed  out  that  the  thin  standard  kata  sleeve  used  in 
certain  experiments  started  to  dry  out  and  consequently  had  a  marked 
effect  oiipon  the  kata  reading.  He  thought  the  author  was  probably  correal 
in  assuming  that  the  heating  eSect  on  the  human  body  would  be  jasl 
as  marked  if  sweat  were  evaporating  faster  than  it  could  be  produced. 
That  was  only  another  way  of  saying  that  the  cooling  power  of  dry  >ir 
lost  its  effect  on  the  human  body  if  the  rate  of  evaporation  exceeded  the 
sweat  rate.  That  might  well  happen  if  the  velocity  of  the  air  were  too 
high,  and  being  in  a  strong  hot  dry  air  current  when  the  skin  was  diy, 
for  the  reason  that  it  could  not  produce  sweat  quickly  enough,  produced 
a  very  marked  burning  sensation. 

He  hoped  that  the  author  would  be  spurred  on  by  criticisms  of  the 
paper  to  continue  his  efforts  to  perfect  the  use  of  the  wet  kata  thorrao- 
meter.  It  would  be  of  great  practical  value  if  the  wet  kata  reading  were 
universally  accepted  as  the  measure  of  coohng  power. 

In  connection  with  the  problem  of  trying  to  correlate  the  cooling  power 
of  the  air  with  human  efSciency  he  pointed  out  that  the  author  said  on 
p.  41  that  although  his  experiments  indicated  that  the  wet  kata  thermiv 
meter  could  be  used  as  a  means  of  comparing  the  cooling  powers  of 
different  air  conditions  on  a  man,  it  did  not  follow  that  it  could  therefore 
be  used  as  a  direct  measure  of  the  efficiency  of  a  man  working  in  thosa 
conditions.  That  was  a  serious  flaw  in  the  practical  application  of  the  wet 
kata  and  it  called  for  further  research  to  try  to  find  a  remedy. 

When  considering  matters  of  that  sort  the  object  aimed  at  had  to  he 
kept  in  mind;  it  was  not  merely  a  question  of  '  what  were  the  limiting 
conditions  for  human  endurance'  or  even  'when  was  acclimization 
necessary",  but  rather  'what  were  the  best  conditions  for  efficient  work'. 
It  was  becoming  clear  that  optimum  air  conditions,  combined  with  an 
effective  incentive,  could  be  the  means  of  increasing  production  and 
efficiency  to  an  extent  that  not  only  was  the  cost  of  providing  thoM 
conditions  covered  but  an  overall  saving  in  cost  was  possible. 

He  was  particularly  interested  in  Mr.  Beadle's  references  to  an  unofficial 
view  that  a  wet  kata  reading  of  4  represented  the  limit  of  conditions  and 
it  would  be  interesting  if  he  could  give  a  corresponding  unofficial  figure  of 
the  best  conditions  in  which  to  work.  Further,  he  was  very  pleased  to 
hear  that  research  was  going  to  be  undertaken  on  that  question  of 
efficiency  when  working  in  different  conditions.  He  felt  sure  that  reaearoh 
would  yield  valuable  results  and  that  it  would  be  possible  to  state  what 
were  the  best  conditions  for  efficient  work.  He  felt  that  the  cost  of 
providing  those  air-conditioning  measures,  whatever  they  tnight  be, 
would  be  thoroughly  justified  and  he  looked  forward  to  the  time  when 
they  would  no  longer  have  to  consider  that  a  man  had  to  be  acchmatiied 
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to  endure  the  worst  conditions  or  that  there  were  certain  places  where 
lie  must  not  work  because  the  conditions  were  so  bad — ^a  time  when  they 
should  be  in  a  position  to  produce  the  best  conditions  which  could  be 
ievised  for  efficient  work. 

He  was  particularly  interested  to  see  the  author's  reference  on  p.  41 
!;o  the  scope  for  more  work  to  be  done  on  the  correlation  between  the  wet 
kata  readings  and  the  work  output.  That,  along  with  the  research 
mentioned  by  Mr.  Beadle,  would  lead  to  further  very  interesting  con- 
clusions. He  had  no  doubt  that  more  would  be  heard  of  that  research  in 
iue  course. 

The  SECRETARY  then  read  communications  received  from  Dr.  Caplan 
md  Dr.  Bedford,  as  follows: 

Dr.  ANTHONY  CAPLAN*:  There  remains  much  to  be  learned  concerning 
ihe  most  accurate  and  practical  method  of  assessing  comfort  conditions 
it  the  working  face.  The  subject  is  extremely  important  and  in  the  future 
mil  become  even  more  so.  Every  contribution  which  helps  in  advancing 
knowledge  is  therefore  to  be  welcomed. 

The  wet  kata  thermometer  has  in  the  past  decade  gone  out  of  favour 
n  most  mining  fields.  The  great  objection  to  its  use  in  dry  mines  is  that 
it  is  imduly  influenced  by  high  air  velocities.  However,  on  the  Band  it 
las  retained  its  original  popularity  and  there  can  be  no  doubt  it  has 
provided  much  useful  information. 

The  author  refers  to  some  of  the  deficiencies  of  the  wet  kata  thermo- 
cneter — such  as  the  difficulties  and  necessity  of  careful  calibration  of  each 
instrument  and  the  discrepancies  found  in  the  readings  of  different 
jbservers.  He  also  states  that  the  wet  kata  is  less  efficient  at  wet-bulb 
temperatures  above  90°  F. — surely  just  the  range  where  accurate  informa- 
tion is  needed.  The  author  suggests  how  some  of  these  deficiencies  may  be 
3vercome. 

He  concludes  that  although  his  experiments  indicate  that  the  wet  kata 
thermometer  can  be  used  as  a  means  of  comparing  the  cooling  powers  of 
different  air  conditions  on  a  man,  it  does  not  follow  that  it  can  therefore 
be  used  as  a  direct  measure  of  the  efficiency  of  a  man  working  in  those 
(conditions.  To  those  of  us  interested  in  the  subject  the  important  question 
arises  as  to  its  value  as  an  indirect  measure  of  working  efficiency.  Working 
afficiency  is  obviously  intimately  connected  with  the  degree  of  comfort 
or  discomfort  at  the  working  place.  When  conditions  are  comfortable, 
other  factors  being  equal,  efficiency  is  unimpaired.  When  conditions 
become  uncomfortable  there  is  a  progressive  falling  off  in  output  and  the 
ultimate  loss  of  human  efficiency  is  collapse.  Does  the  improved  but 
relatively  complicated  kata  thermometer  give  more  accurate  information 
concerning  the  ability  of  men  to  work  under  varying  conditions  than  the 
Bomparatively  simple  wet-bulb  thermometer  ?  Is  it  not  sufficient  to  know 
bhat  the  wet-bulb  temperature  in  a  certain  section  of  a  mine  is  rising 
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Hbovp  90"  F.  and  is  &  auificient  indication  for  necessary  action  io  be 
taken?  Or  is  it  possible  to  envisage  ou  the  Rand  two  working  places  with 
wet-bulb  temperatures  of  91°  F.,  one  with  a  wet  kata  index  of  abont 
4  and  a  low  work  output  and  the  other  with  a  wet  kata  index  of  about  7 
with  a  relatively  high  output? 

I  agree  with  the  author  that  there  is  scope  (or  more  work  to  be  done  on 
the  comparison  between  kata  readings  and  work  output.  I  would  add  that 
the  correlation  should  include  other  measurements  of  comfort  conditions, 
with  the  object  of  comparing  the  relative  merits  of  various  indices. 

Dh.  THOMAS  BEDFORD*;  I  have  read  Mr.  Kitto's  paper  ou  the  wet  kata 
thermometer  with  much  interest. 

My  colleagues  and  I  still  make  much  use  of  the  kata  thermometer,  but 
we  use  it  only  as  a  dry-bulb  instrument  (generally  with  the  bulb  silvered), 
and  only  as  an  anemometer.  Mr.  Kitto'a  experiments  were  undertaken  to 
improve  the  accuracy  of  readings  and  to  gain  more  knowledge  of  the 
aignificancc  of  these  readings  in  relation  to  the  cooling  power  of  the  air 
on  a  man.  The  fmphasis  is  Ihus  on  the  value  of  the  wet  kata  cooling 
powiT  ii-  AU  hulcx  of  l.li.'  n,rnm\  Uu\  i.ii  .i  uiari. 

Mr.  Kiito  iiii.iilii,iisni.'rnl.iclsiath.il  I.-tilus.- of  its -iiuill  ^ize  th,- Ula 
thermometer  ia  more  aenEdtive  to  air  movement  than  is  an  object  the 
ate  of  a  human  body.  Then  he  defloribea  obBervations  on  the  cooling  rates 
of  theimometera  with  bulba  of  Tarions  aises,  and  he  oonoludea  from  his 
results  that  so  far  as  sise  is  concerned  tbe  kata  thermometer  can  be 
compared,  without  very  great  error,  with  a  human  being.  This  oonclaaion 
rests  on  measurements  made  at  various  velocities,  but  at  the  temperatures 
prevailing  in  the  laboratory  which  'altered  slightly  from  time  to  time'. 
Neglecting  radiation,  the  cooling  power  of  the  kata  thermometer  depends 
on  the  air  speed  and  on  the  wet-bulb  temperature.  In  these  observations 
one  may  infer  that  the  wet-bulb  temperature  was  approximately  constant. 
Now  since  the  convective  and  evaporative  heat  losses  from  these  bulbs 
vary  approximately  as  the  square  root  of  the  air  speed  it  was  to  be 
expected  that  with  a  constant  wet-bulb  temperature  such  results  as  Hi. 
Kitto  plots  in  his  Figs.  8  and  9  would  be  obtained.  Likewise,  if  he  had 
kept  the  air  speed  constant  and  varied  the  wet-bulb  temperature  one 
would  have  expected  similar  agreement  between  the  different  thermo- 
meters. It  is  when  one  varies  both  temperature  and  velocity  in  the  same 
aeries  of  experiments  that  the  effects  of  the  size  of  the  object  show  clearly, 
and  unfortunately  Mr.  Kitto  does  not  give  data  of  such  experimeota. 

If  the  cooling  power  of  the  kata  thermometer  is  to  be  accepted  as  a 
reliable  index  of  environmental  warmth  it  should  correlate  well  with 
human  subjective  sensations  of  warmth  or  with  some  acceptable  measure 
of  physiological  stress.  By  these  criteria  the  kata  thermometer  ia  not 
satisfactory. 

In  relatively  cool  surroundings  (say  60°-76°  F.)  when  sweating  is  not » 
factor,  the  dry  kata  cooling  power  might  be  expected  to  be  a  valuaUe 
index  of  warmth.  Yet,  in  an  extensive  study  of  the  thermal  comfort  of 
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factory  workers,  Ifound  that  as  such  an  inddx  it  vas  distiDCtly  less  reliable 
than  even  the  simple  dry-bulb  temperature.  A  dry  kata  cooling  power  o( 
8  millicaloriefl  per  sq.  cm.  per  sec.  is  given  by  a  room  temperature  of 
ff]^"  F.  and  an  air  speed  of  100  f.p.m.,  and  also  by  a  temperature  ot 
47-8°  F.  when  the  air  is  moving  at  only  10  f.p.m.  Wearing  normal  indoor 
clothing  most  people  would  not  be  very  cool  in  the  firgt  condition,  but 
they  would  be  badly  chilled  by  the  second. 

One  can  compute  from  recent  physiological  data  evidc'nce  which  shows 
the  unreliability  of  the  wet  kata  thermometer  at  high  temperatures, 
During  the  war  extensive  physiological  studies  ot  the  effects  of  hot  and 
humid  environments  on  man  were  carried  out  on  behalf  of  the  Royal 
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Naval  Fersonnel  Research  Committee  by  Dr.  B.  McArdle  and  his  colleagues 
at  the  National  Hospital,  Queen  Square.  Ah  the  measure  of  the  physio- 
logical stress  imposed  by  the  environment,  the  amount  of  sweat  lost 
during   four   hours    was  used.   The  experimental  subjects  were   well 


Using  Mr.  Kitto's  formula,  I  have  calculated  the  wet-bulb  temperatures 
which,  with  air  velocities  ot  80,  70,  and  500  f.p.m.,  would  produce  various 
wet  kata  cooling  powers.  Then,  from  the  data  of  KfcArdle  and  his 
colleagues  I  have  computed  the  predicted  four-hourly  sweat  rates  for 
persons  wearing  only  shorts,  and  with  a  metabolic  rate  of  100  kilocalories 
per  sq.  metre  per  hr.  In  these  calculations  I  have  assumed  the  dry-hulb 


88  P-    H.    KITTO  :    THK  USE   OF   THK    WBT    KAT 

temperature  to  bt^  '2°  F.  higher  than  the  wet-bulb.  If  the  wet  kata  cooliog  ' 
power  were  a  good  index  of  warmth  one  would  expect  that  the  Bwvtl 
rates  for  a  given  cooling  power  would  be  the  same,  whatever  the  ut 
Bpeeda.  Fig.  11  shows  that  that  is  not  sO'  The  higher  the  velocity  the 
higher  was  the  sweat  rate — clear  evidence  that  the  kata  thermometer 
makes  too  much  allowance  for  the  cooling  effect  of  wind. 

One  of  Dr.  McArdle'a  colleagues,  Dr.  J-  S.  Weiner,  has  expressed 
predicted  sweat  rates  in  termtt  of  what  he  baa  called  total  stress  tempera- 
ture. This  takes  into  account  rate  of  energy  production  and  clothing,  and 
the  stress  temperature  is  that  temperature  of  still  and  saturated  mi  in 
which  a  resting  man  clad  in  shorts  would  produce  sweat  at  the  same  rate 
U  a  man  under  the  conditionn  specified.  In  the  left-hand  half  of  Fig.  li 
the  wet  kata  cooling  powers  used  in  my  calculations  have  been  plotted 
against  the  corresponding  stress  temperatures.  With  a  given  cooling  poner 
the  stress  temperature  is  distinctly  higher  at  the  higher  velocities,  and  at 
the  higher  temperatures  these  differences  are  significant.  At  the  same  wet 
kata  cooling  power  the  sweat  rate  may  vary  roughly  as  2  to  1 . 

The  well-known  American  scale  of  effective  temperature  has  its  draw- 
hacks,  tho  most  important  being  that  at  very  high  temperatures  escessive 
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allowance  is  made  for  dry-bulb  temperature.  Since  in  the  mines  of  the 
Witwatersrand  the  air  is  generally  very  moist  this  defect  of  effective 
temperature  is  not  likely  to  lead  to  difficulty  if  the  scale  is  employed  for 
evaluating  conditions  in  those  mines.  I  have  calculated  the  effective 
temperatures  represented  by  the  various  cooling  powers,  air  speeds  and 
dry-bulb  temperatures  used  in  computing  sweat  rates,  and  these  tempera- 
tures are  plotted  against  the  corresponding  stress  temperatures  in  the 
right-hand  half  of  Fig.  12.  There  is  a  close  correlation  between  the  two 
scales,  and  it  is  evident  that  over  the  range  of  conditions  considered,  in 
which  the  air  was  assumed  to  be  humid,  effective  temperature  is  a  good 
index  of  physiological  stress,  and  much  superior  to  wet  kata  cooling  power. 
There  is  one  less  important  point  to  which  I  should  refer.  Mr.  Kitto  cite* 
experiments  from  which  conclusions  are  drawn  relating  to  the  effects  of 
radiant  heat.  The  description  of  the  apparatus  used  and  of  tho  conditions 
of  the  experiments  are  so  vague  that  no  conclusions  can  be  drawn  by  the 
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reader.  The  duct  was  of  square  section  and  for  a  short  distance  it  was 
heated  to  126° — 180®  F.  We  do  not  know  what  solid  angle  the  heated 
surface  subtended  at  the  thermometer  bulb,  nor  the  temperature  of  the 
unheated  surface,  nor  are  we  given  either  the  mean  radiation  flux  or  the 
mean  radiant  temperature.  Nevertheless,  one  may  conclude  that  the 
mean  radiant  temperature  was  substantially  increased  when  the  duct 
surface  was  heated.  It  is  likely  that  the  effect  of  that  increased  radiation 
on  a  man  would  be  greater  than  its  influence  on  the  rate  of  cooling  of  a 
kata  thermometer,  for,  owing  to  the  difference  in  size,  the  ratio  of  radia- 
tion loss  to  total  heat  loss  is  greater  with  a  man  than  with  a  kata  thermo- 
meter. 


Mr.  c.  I.  ROBINSON  said  that  he  was  moved  by  what  had  been  said  to 
offer  something  of  his  own  experience  in  trying  to  use  the  wet  kata.  The 
work  was  done  over  20  years  ago  in  a  Malayan  mine,  where  it  was 
recognized  that  the  conditions  in  the  bottom  of  the  mine  were  very  bad 
and  it  was  his  task  to  try  to  get  things  remedied.  The  temperatures  were 
well  over  90°  F.  and  the  relative  humidity  of  the  air  was  little  short  of 
100  per  cent.  His  experience  with  the  kata  was  that  it  took  a  very  long 
time  to  get  a  reading,  so  bad  were  the  conditions.  He  was  also  using  the 
whirling  psychrometer,  and  the  wet-  and  dry-bulb  thermometers.  He 
found  that  they  enabled  him  to  get  readings  and  compare  conditions  in 
various  parts  of  the  mine  in  a  way  he  could  not  do  with  the  kata.  He  was 
not  saying  anything  about  the  accuracy  of  the  readings  or  the  deductions 
therefrom  but  when  one  was  deaUng  with  the  limiting  conditions  of 
human  work  underground  the  difficulty  he  found  himself  up  against 
was  the  time  taken  in  getting  a  reading. 

The  PRESIDENT  proposed  a  verj*  hearty  vote  of  thanks  to  the  author 
for  his  paper  and  to  Mr.  Beadle  for  introducing  it. 
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Investigations  on  the  Production  of  Mectrolytic 
Cobalt  from  a  Copper-Cobalt  Flotation  Concentrate 

a.  L.  TALBOT,  MEMBER,  and  H.  N.  HEPKER 


Report  of  discussion  at  October,  1949,  General  Meeting  {Chair niarL'  Mr. 
W.  A,  C,  Nevmian,  President).  Paper  published  in  Bulletin  514,  September ^ 
L949. 

The  president  said  that  the  paper  could  be  considered  to  be  supple- 
mentary to  that  on  cobalt  refining  given  by  Mr.  P.  S.  Bryant  at  the 
Symposium  on  the  Refining  of  Non-Ferrous  Metals  earlier  in  the  year. 
He  would  ask  Dr.  Smith  to  be  good  enough  to  introduce  it  and  initiate 
the  discussion. 

Dr.  8.  w.  SMITH  then  introduced  the  paper  on  behalf  of  the  authors, 
outlining  the  work  described. 

Mr.  d.  o.  ARMSTRONG  Said  that  he  would  like  to  make  a  few  comments 
on  the  figures  given  for  the  furnace  tests  for  the  matte  leach  process. 
On  p.  7,  in  No.  11  campaign,  there  was  apparently  a  misprint  in  the 
figures  for  the  furnace  products  :  the  weight  of  the  matte  was  given  as 
29,949  lb.,  but  he  thought  it  should  be  21,949  lb.  or  something  similar, 
because  it  did  not  work  out  correctly  otherwise. 

He  found  that  under  the  heading  of  'Percentage  Recoveries'  the 
recovery  of  cobalt  in  the  matte  was  given  as  a  percentage  of  the  cobalt 
in  the  matte-plus-slag  and  the  'unaccounted  for*  figure  as  a  percentage  of 
the  cobalt  in  the  furnace  charge,  yet  the  two  together  were  given  under 
the  same  heading  of  'percentage  recoveries'.  He  thought  that  was 
definitely  wrong,  because  although  the  two  figures  were  given  under  the 
same  heading  they  were  calculated  from  different  sources.  It  seemed  to 
be  a  method  of  avoiding  the  unsatisfactory  recovery  of  more  than  100  per 
cent.  He  agreed  that  it  was  very  difficult  to  make  those  figures  balance 
nccorately,  but  it  seemed  to  be  the  principle  which  was  wrong  in  calculat- 
ing the  percentage  recovery  of  cobalt  from  the  products  instead  of  from 
the  charge. 

In  three  of  the  examples  given  there  was  a  gain  of  cobalt  during  the 
test,  which  might  be  due  to  errors  in  weighing,  assaying,  or  sampUng,  or 
to  a  pick-up  of  cobalt  from  the  previous  test.  H  there  were  a  loss  of  cobalt 
daring  each  test,  as  in  the  last  one,  it  might  be  assumed  that  that  was  due 
to  dusting  or  volatilization  or  something  similar  and  the  '  percentage 
recovery'  would  have  to  take  such  losses  into  account. 

He  wondered  if  there  was  any  significance  in  the  fact  that  as  the 
percentage  of  converter  slag  in  the  charge  was  gradually  increased  in  the 
four  tests  mentioned  the  'unaccounted  for'  figure  gradually  decreased. 
The  'unaccounted  for'  figure  in  the  first  one  was  +8*8,  and  in  the  next  it 
was  +1*6,  in  the  third  it  was  down  to  +0*4  and  in  the  fourth  it  was  on 
the  negative  side,  —  8-9.  He  wondered  if  the  same  thing  happened  in 
the  other  campaigns  which  were  not  mentioned. 

41 


42  H.  L.  TALBOT  ANH  H.  K,  IIKFKKH  ;    PKOUUCTION.  OF 

Mb.  J.  jacobi  said  that  ho  had  ri>ad  the  paper  with  greal  interest  and 
if  any  of  his  caminentB  appeariid  to  be  critical  th(t  critiuism  was  un  detail 
rather  than  on  the  work  underlying  the  paper,  which  had  been  very 
painstaking. 

Apparently  81-7  per  cent  of  the  total  cobalt  in  the  mill  feed  conld  be 
recovered  as  a  low-grade  concentrate  and  by  the  present  method  onlr 
14  per  cent  of  the  cobalt  in  the  mill  feed  was  found  in  the  cobalt  alloy, 
giving  a  loBR  somewhere  in  the  present  smelting  operation  of  56  per  cent. 
PreBumably  that  cobalt  was  found  in  the  slag  from  the  final  electric 
furnace  operation,  or  largely  found  there,  and  it  would  have  been  interest- 
ing to  learn  whether  it  had  been  coneidered  that  some  of  that  slag  cooM 
be  used  in  making  up  the  charge  for  the  reducing  matte  leach.  Almost 
an  equal  amount  of  cobalt  was  contained  in  the  copper  concentrate  u 
was  in  the  cobalt  concentrate  although,  of  course,  in  a  much  lower 
concentration.  Most  of  the  cobalt  in  the  copper  concentrate  presumably 
found  its  way  into  the  converter  slag,  and  some  of  that  converter  sUg 
was  used  in  the  special  matte  smelting  method  discussed  on  pp.  6  and  T. 
Quite  an  appreciable  amount  of  cobalt  in  those  mattes  was  derived  from 
the  converter  slag  and  it  was  not  easy  to  see  why  the  authors  were  bo 
anxious  lo  establish  the  minimum  required  of  the  converter  slag.  It 
might  have  been  equally  to  the  point  to  determine  the  maximum  possible 
addition  of  that  slag. 

The  authors  explained  that  the  iron/cobalt  ratio  should  not  be 
inoreaBed  because  of  subsequent  separation  difBcuities,  but  in  the  three 
eampaigns  quoted,  10,  11  aud  12,  there  was  hardlv  any  significant  change 
in  the  iron/cohalt  ratio.  That  ratio  varied  from  6-9  to'l  to  7-G  lo  1.  which 
was  not  a  significant  change.  Oddly  enough  the  chemical  composition  of 
the  mattes  in  those  three  campaigns  was  identical  yet  they  gave  quite 
different  leaching  results.  For  the  explanation  of  that  one  would  presum- 
ably have  to  look  at  the  microscopic  evidence,  but  from  the  analyses 
quoted  it  did  not  become  evident  why  those  three  mattes  should  behave 
so  differently. 

It  might  have  saved  some  misunderstanding  if,  on  the  detailed  materia 
balance  sheet,  the  authors  had  stated  which  of  the  materials  had  been 
weighed  in  and  in  which  cases  the  weight  was  calculated.  That  wu 
explained,  rather  vaguely,  on  the  top  of  p.  8.  The  speaker  was  not  quit* 
sure  what  the  authors  meant  but  he  understood  them  to  mean  that  the 
furnace  charge  had  been  weighed  in,  and  the  weight  of  the  slag  had  be«i 
computed  from  the  silica  assay,  and  from  that  weight  and  the  copper  assay 
of  slag  and  matte,  the  matte  weight  had  been  computed.  That  was  qaite 
reasonable  because,  presumably,  the  matte  weight  and  slag  weight  were 
difficult  to  establish  directly  even  on  such  relatively  small  campaigns.  By 
adding  to  the  figures  in  the  paper  the  note  'actual  weight'  or  'oalcalated 
weight'  perhaps  some  confusion  would  have  been  avoided. 

On  the  question  of  acid-leaching  of  those  mattes,  the  authors  fonmi 
that  wet  ground  matte,  probably  due  to  oxidation,  did  not  leach  so  welt 
and  when  finally  the  reaction  started  it  was  extremely  violent.  They  put 
that  down  to  the  sulphide  nucleus  being  reached  by  the  acid.  A  simple 
perusal  of  the  theimo-chemical  figures  would  show  that  iron  aolphide 
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leaching  gave  rise  only  to  a  very  small  temperature  increase,  something 
of  the  order  of  7°  C.  based  on  the  acid  concentration  used,  but  the  leaching 
of  metaUic  iron  or  cobalt  gave  rise  to  much  more  violent  reaction,  some- 
thing of  the  order  of  82^  C.  increase,  and,  setting  that  against  a  starting 
temperature  of  80°  C.  and  a  delayed  but  sudden  action,  that  violent  and 
explosive  condition  was  easily  explained. 

The  thermo-chemical  data  in  themselves  did  not  give  any  details  as  to 
the  rate  of  reaction,  but  he  had  often  noticed  that  with  sulphuric  acid 
leaching  of  oxides  the  reaction  might  not  proceed  at  all  at  a  certain 
temperature  and  yet  at  a  temperature  5°  higher  it  suddenly  became 
violent.  At  80°  C.  one  was  near  boiling  point  and  the  heat  of  reaction 
had  to  be  taken  into  consideration. 

That  cast  a  certain  amount  of  doubt  on  the  figures  given  at  the  bottom 
of  p.  11,  where  the  temperature  was  kept  constant.  The  authors  did  not 
say  how  it  was  done  or  whether  the  heat  loss,  either  fortuitous  or  inten- 
tional, was  equal  to  the  varying  rate  of  reaction.  He  wondered  whether 
the  authors  really  meant  constant  initial  temperature  or  constant  tem- 
perature throughout.*  Similarly,  he  did  not  think  it  was  quite  fair  to  say 
on  p.  11  (a)  that  the  acid  concentration  was  varied  alone;  actually  the 
authors  had  varied  two  variables  at  the  same  time,  the  acid  concentration 
and  the  stoichiometric  excess.  Under  the  last  heading  when  they  started 
with  an  acid  concentration  of  110  and  got  a  leaching  extraction  of  only 
64  per  cent  there  was  hardly  any  free  acid  left. 

From  those  results  one  would  have  thought  that  that  was  a  job  which 
called  for  two-stage  leaching,  in  order  to  avoid  the  large  amount  of  free 
acid  left  in  the  leaching  process  which  had  to  be  neutralized  with  ground 
limestone.  He  found  that  limestone  and  milk  of  lime  were  used  liberally 
at  every  stage.  That  was  not  to  be  recommended  because  the  filtration 
and  washing  difficulties  would  be  quite  enormous.  Especially  was  that 
the  case  in  the  regeneration  of  the  spent  electrolyte  as  the  authors  stated 
that  during  electrolysis  only  1  lb.  of  cobalt  per  100  gal.  was  extracted, 
which  meant  a  colossal  circulating  load  of  solution.  They  did  not  say  what 
electrolyte  was  used,  but  presumably  it  was  a  straight  sulphate  solution. 
He  did  not  know  whether  they  had  tried  to  *  buffer'  it  with  ammonium 
sulphate  to  increase  the  stripping  ratio,  but  he  would  have  thought  that 
if  it  were  necessary  to  have  such  a  large  circulating  load  of  electrolyte 
it  would  be  better  to  add  a  pure  cobalt  oxide  or  cobalt  carbonate  at  that 
stage  to  make  up  the  electrolyte  and  kill  the  acid  which  had  been 
generated,  thus  obviating  the  laborious  filtration  of  100  gal.  of  pure 
electrolyte  for  every  poimd  of  cobalt  deposited. 

Presumably  the  use  of  lime  was  governed  by  local  conditions;  it  was 
not  always  easy  in  Britain  to  appreciate  the  local  conditions  in  Northern 
Bhodesia  but  he  would  have  thought  that  at  the  final  purification  stage 
a  precipitant  such  as  soda  ash  would  be  called  for.  The  resulting  cobalt 
carbonate  would  form  an  ideal  neutrahzing  agent  for  that  spent  electro- 
lyte. He  felt  that  the  addition  of  limestone  at  every  stage  would  lead  to 

*  In  such  lecbching  tests,  the  maximum  temperature  was  usually  more 
significant. 
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a  tremE'iidoue  expenditure  on  filtering  plant  if  that  process  were  carried 
out  oo  a  large  scale. 

Lastly,  he  referred  to  the  principal  uses  of  cobalt.  Quite  a  large  amonal 
was  used  in  the  form  of  alloys  but  a  great  proportion  was  used  ia  the     , 
form  of  cobalt  salts,  such  as  sulphate,  naphthenate.  etc.  The  atartin; 
material  for  those  salts  was  usually  cobalt  sulphate  aud  he  wondered  if 
the  direct  recovery  of  that  salt  had  been  considered. 

Mb.  o.  l.  EVANS,  confiniug  his  remarks  to  the  first  portion  of  the  paper—  J 
i.e.  the  production  of  leachable  matter — said  that  in  the  section  devoted  I 
to  the  microHcopic  examination  of  cobalt  mattes  the  aathors  stated  that  \ 
copper  sulphide  occurred  in  the  mattes  id  the  form  of  CuS.  SuCh  a  view  i 
was  at  variance  with  the  usually  accepted  ideas  of  matte  constitutioa, 
and  it  would  be  appreciated  if  the  authors  were  to  give  information 
regarding  the  evidence  which  led  them  to  such  a  conclusion. 

When  discussing  matte  constitution,  the  authors  made  no  mention  of 
the  presence  of  magnetite.  It  was  well  known,  and  generally  accepted, 
that  magnetite  occurred  in  appreciable  quantities  in  many  commercial 
mattes  {r.ide  Hawley,  and  Drummond)  and  there  was  some  evidence  that 
the  magnetite  content  tended  to  be  greater  in  the  case  of  lower-grade 
mattes.  In  the  reverberatory  furnace  campaigns  described  by  the  authors, 
comparatively  large  proportions  of  converter  slag  were  used  (in  No.  13 
campaign,  nearly  20  per  cent)  and  it  seemed  justifiable  to  suppose  that 
the  conditions  were  favourable  to  the  production  of  matte  carrying 
appreciable  magnetite,  in  spite  of  the  fact  that  reducing  conditions  were 
maintained  during  the  smelting  operations. 

In  describing  the  microstructiire  of  cobalt  mitttes,  tlii' authors  mentioned 
the  presence  of  metallic  iron  in  unusually  large  amount  (Fe :  FeS),  u 
well  as  metallic  copper.  Published  information  regarding  the  Uquidos 
surface  of  the  ternary  system  copper-iron-sulphur  was  scanty,  but  it 
would  appear  from  the  work  of  Beuleaux  that  either  iron-rich  or  coppei- 
rich  solid  solution  might  crystalhze  as  a  primary  constituent.  It  would  be 
interesting,  therefore,  to  have  the  opinions  of  the  authors  concerning 
the  mode  of  formation  of  the  metallic  phases. 

Professor  w.  r.  jones  said  he  was  interested,  from  the  mineralogical 
view-point,  in  the  authors'  reference  to  a  'pinkish-coloured  copper 
aulphide"  which  they  believed  was  present  as  CuS.  That  was  the  com- 
position of  the  mineral  covellite,  which  was  blue  in  hand  specimen  and 
in  reflected  hght  under  the  microscope.  He  would  suggest  to  the  authon 
that  they  polish  the  surface  of  the  material  and  make  use  of  polarised 
light  for  its  examination.  Covellite  was  perhaps  the  easiest  of  all  opaque 
minerals  to  recognize  under  the  ore  microscope.  It  was  distinctly  pleo- 
chroic  (pale  blue  to  dark  blue)  and  when  the  nicol  prisms  in  the  vertical 
illuminator  were  in  crossed  position  the  polarization  colours  were  highly 
spectacular.  In  both  those  respects  covellite  was  unique. 

Professor  c.  w.  dannatt  said  that  a  paper  of  that  type  on  experimental 
work  was  most  welcome  and  ho  felt  that  the  Institution  was  indebted, 
not  only  to  the  authors,  but  also  to  the  companies  for  giving  permission 
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for  its  publication.  He  trusted  that  further  information  would  be  made 
available  as  the  work  progressed. 

He  agreed  with  Dr.  Smith  that  one  should  not  cavil  at  the  figures  of  a 
balance  sheet  for  a  small-scale,  batch-smelting  operation.  Accuracy  was 
impossible  with  so  many  unknowns,  but  the  difficulties  gave  to  such  a 
problem  a  particular  fascination.  In  his  own  experience,  it  was  possible 
to  arrive  at  a  reasonable  balance  in  the  case  of  a  copper  smelt,  provided 
due  allowance  was  made  for  entrainment  of  matte  in  the  slag  and  of  slag 
in  the  matte.  The  silica  content  of  the  matte  was  not  given  in  the  paper 
«nd  there  had  been  no  attempt  at  such  a  correction.  There  was  the 
further  complication,  to  which  the  authors  made  reference  on  p.  8,  that 
some  metal  was  reduced  and  absorbed  into  the  hearth.  With  batch 
working  one  would  expect  that  metal  to  seal  itself  so  that  no  serious  loss 
should  occur  in  the  later  campaigns,  but  the  presence  of  such  metallics 
would  make  accurate  sampling  so  difficult  that  the  analyses  would  be 
imreUable,  quite  apart  from  errors  due  to  entrainment.  Some  closely 
controlled,  small-scale  crucible  fusions  should  give  useful  information 
that  would  enable  suitable  corrections  to  be  incorporated  in  the  main 
calculations.  Such  adjustments  should  prove  more  satisfactory  than 
estimations  based  upon  an  over-simplification. 

The  method  adopted  by  the  authors  for  calculating  the  weight  of  slag 
made  from  the  silica  charged  ought  to  give  reasonable  accuracy,  but  their 
calculation  of  matte  weight  would  suffer  from  an  accumulation  of  errors. 
The  theoretical  recovery  of  metal  could  be  calculated  from  the  analyses 
and  the  estimated  slag  weight,  and  there  seemed  little  advantage  in 
determining  an  'unaccounted-for*  figure  from  so  unreliable  a  quantity  as 
the  estimated  matte  weight.  There  would  be  as  much  justification  for 
obtaining  that  weight  from  one  of  the  other  constituents  and  so  finding 
an  'unaccounted  for'  copper  figure,  unless  it  was  assumed  that  no  copper 
was  reduced  to  the  metallic  state. 

No  reference  was  made  to  the  presence  of  magnetite,  either  in  the 
charge  or  the  products.  Converter  slags  always  carried  magnetite  and 
that  should  react  with  the  sulphides  at  the  smelting  temperature. 
Beduction  of  some  metals,  particularly  cobalt,  to  the  metallic  state  would 
be  expected  and  the  authors  had  confirmed  that  in  their  microscopical 
examination.  Moreover,  if  magnetite  acted  in  that  way,  an  increase  of 
converter  slag  in  the  charge  should  produce  a  higher  proportion  of  reduced 
metal  and,  in  accordance  with  the  authors*  statement  on  p.  9,  improve 
the  leaching  properties  of  the  matte.  The  leach-extraction  figures  on  pp.  6 
and  7  supported  that  assumption. 

He  found  it  difficult  to  accept  the  authors'  statement  that  copper  was 
present  in  the  matte  as  cupric  sulphide.  That  compound  was  unstable  at 
elevated  temperatures  and  it  seemed  most  unlikely  that  it  would  be 
formed  at  smelting  temperatures  and  under  reducing  conditions  when 
some  cobalt,  iron  and  copper  were  being  brought  to  the  metallic  state. 
He  did  not  know  what  the  authors  meant  by  their  statement  that 
'microscopic  evaluation  .  .  .  indicates  that  copper  sulphide  occurs  .  .  . 
as  CuS',  and  he  asked  if  they  had  any  more  satisfactory  supporting 
evidence.    Incidentally,  if  it  were  assumed  that  were  true,  the  analyses 
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on  pp.  6  and  7  would  show  that  the  mattes  contained  about  20-25  per   • 
cent  of  iincombined  metal- — a  Biirprisingly  large  quantity,  ' 

Yr.  o.  l.  EVANS,  refi.-rrii]g  to  p.  4  of  the  paper,  where  the  authors  stated : 
'It  was  already  known  that  the  addition  of  cold  converter  alag  aud  ' 
additional  coal  to  the  reverberatory  charge  had  a  marked  effect  on  the 
leaching  characteristics  of  the  reaiilting  mattes',  asked  if  molten  converter 
dlag  additions  produced  Bimilftr  results,  and  if  not,  had  the  authors  any 
theories  to  account  for  the  difference  in  behaviour. 

The  PRESIDENT  proposed  a  very  hearty  vote  of  thanks  to  the  authon 
for  their  paper,  to  Dr.  Smith  tor  iiis  suraraary  in  opening  the  discussioa. 
and  to  all  those  who  had  commended  on  the  paper. 

CONTRIBUTED   HEMAHKS 

Mr.  J.  n.  clutton:  The  treatment  of  cobaltiferous  matte  by  fnrmatiou 
of  cobalt  sulphate  at  the  expense  of  copper  sulphate  and  Bubsequent 
Bolutton  IB  similar  to  the  Ziervogel  silver  process,  in  which  a  maximara 
silver  sulphate  content  corresponds  to  a  mioimnm  of  copper  sulphate. 
Testing  of  such  conditions  used  to  be  done  by  a  lad,  trained  in  the 
laboratory,  who  took  a  sample  from  the  roaster,  nibbed  it  fine,  weighed 
a  portion,  washed  it  with  hot  water,  added  ammonia  to  the  filtrate, 
adjusted  the  volume  and  compared  it  with  standard  solutions  by  colour. 
The  point  of  maximum  silver  sulphate  was  thus  quickly  and  easily 
determined  and  the  calciner  men  (stimulated  by  a  bonus)  wore  very  keen 
on  the  testing;  it  was  interesting  to  see  the  skill  with  which  they  hit  the 
desired  point. 

I  think  a  similar  system  of  testing  could  be  applied  tor  the  cobalt  , 
sulphate.  i 
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THE    INSTITUTION    OF    MINING    AND    METALLURGY 

(Feundfd  IS92— /neorporo/frf  liy  Royal  Charter  1915) 
LrST  OF   OFFtCERS    FOR   THE   SESSION     1 948-1949    ll 
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Elect: 
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L.  C.  Hill 
Members  of  Council 
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Kennbth  Ricbaxdbom 

Afriea) 

{U.S.A.) 

{SoutI,  AJriea) 

C.  W.  Dasnatt 

E.  A.  Lor  INC 

J.  A.  S.  RtraoN 

J.  B.  Dkbuwon 

J.  D.  Mbad  {Malaya) 

Stanley  Robson 

R.  W.  Diamond 

R.  G.  K.  Morrison 

R.  H.  Skelton 

{Canada) 

{India) 

Sir  EoHt'ND  O.  Trau 

Tom  Eahtwooi) 

GEOrFItBY    MUSORAVB 

G.    A.    WlllTWOBTH 

Sir  Lewis  L.  Fbrm 

s           {Rhodesia) 

A.    R.    O.    WiLUAMS 

P.   0.   J.   GrETKRBOCK 

0.  H.  Woodward 

H.    R.    HOLMBS 

lAiulmlia) 

E.<-offlci 

3  Memberi  ol  Council  (Pa 

t-Presidenti)  : 

S.  J.  Truscott 

Carl  Davts 

J.  Allbn  Howb 

James  0,  Lawn 

E.  D.  McDkrmott 

G.  F.  Lavcock 

S.  W.  Smith 

Thobas  Pryor 

W.  R.  JoNite 

Hon.  Technical  Editors  : 
ORD  {Mining)  S.  W.  Smith  {MetaUvrgif) 

9  {Geology)  C.  W.  Dannatt  {Mineral  L 


WooDTHORFE.  Bbvan  *  Co.,  C.A.,  LpadonhBll  Buildings.  E.O.S 


VV.  J.  Feltos,  Salisbury  Hoi; 


ibury  Circus,  London,  B.O^ 


LIST  OF  STANDING   COMMITTEES 
General  Pubposbs  Coiootteb 
Publications  and  Library  Awards  Coittin-rEE 

Committbe  ApponmiKNTS  (ImtobmatiovI 

FlNANCB   COUMITTBE  CoMMTTTeB 

Applications  Comiotteb  CoMMTrTBB  on  Edccii 

ComnTTBE  ON  MiNTHO  IN  Grbat  Bhitaib 
l.M.tS.  xso  l.M.fi.  Joint  Adviboky  Coumitticb 


SPEED  UP 
THE  OUTPUT 
DRIVE  WITH 

THE  NEW 
DETACHABLE 


ROCK 

DRILLING 

BIT 


The  Simplon  Deuchabk  Bit  Is  a  Sheffield  product  In  the 
highest  meaning  of  the  term,  and  may  be  found  In  mines 
and  quarries  the  world  over. 
Advantages  include  : — 

A       The  Detichible  principle,  which  •niblet  stems  to  remain  at 
^^  the  F»ee. 

A       Streamlined   design,  ensuring  free  boring  and   clearance  of 
^^  cuctingi.    The  bevelled  neck  permits  effortless  withdrawal 

from  drill-hole. 
A      Tl"  patented  copper-lined   socket  ensurei  positive  contact. 

and  transmits  the  full  power  of  the  piston  blow. 
A      The  Simplon   Sit  is  made  of  special    fatigue-resisting  steel, 
**  heat-treated  all  over.    Regrinding  it  simple. 

©Ease  of   attachment   and    detachment.     A  tap  and    It's  on; 
a  blow  and  it's  off! 


^ 

HARD 

METAL  TIPS     1 

hard  meta 

ver/     hari 
formations 

Simplon  Detachable  Bits 
an     be    supplied    with 
TUNGSTEN  CARBIDE 
spetlaliied    drilling  in 
and      abrasive     rock 

HMDYPICK  LTD.,  SHEmi LD.  ( 


OHN  BEDFORD  ft  SONS^ 


HfFflELD    •     ENG\.(V.U 


The  Holman  Roto-feed  Driftec 

needs  no  nursing 


The  Holman  Rolo-recd  Driflcr  reduces  Ihe  manual  labour  of  drilling  and 
requires  less  alteniion  Trom  iheoperaior.whois  thus  Treed  forolher  duties, 
lli  lighl-weiBhl  motor  dispenses  with  hand-cranking  and  ensures  a 
consiLint  penetrmion  speed  equal  lo  the  maximum  obtainable  with  a 
crank-fed  drifter.  The  speed  of  retraction  is  much  faster,  so  that  overall 
drillini;  lime  is  reduced.  T  his  neu  drifter  Is  cvceedinety  simple  to  operate 
and  maintain  and  is  built  to  ihc  rigid  standards  eter>^lwrc  associated 
with  the  name  Holman.  ihe  new  Liteloy  cradle  iltustraicd.  »hen  u»d  in 
conjunction  with  Hoi  bits,  permits  holes  of  IU-12  feet  to  be  drilled  with 
only  two  steels.  The  cradle  i«  made  of  aluminium  alloy,  thereby 
rcduving  its  weight  by  over  50".,. 
Further  details  and  specilicatinns  will  he  sent  on  request. 


The  first  name, 
for  lasting  service 


CAMBORNE .  ENGLAND 

l£I.FPHO\t         (-I.WBOR.Vi     -V7.*     (J     /./.VOl 
IhUliHAMS  AIRDRILL  CAMBOKSl 

SUIlSir>IAR->     tOMPANlES.     BRANCHES     AN(! 
AGENtltS      THROUGHOUT      THF       WORlJ>_ 


